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ABSTRACT 
The Honeybee (Apis mellifera) is arguably Australia's most abundant feral 
animal, and relatively little is known about its interactions with the Australian biota. A 
lack of such information makes it difficult for the managers of nature conservation 
areas to decide whether beekeeping is appropriate and whether attempts should be 
made to control feral bees. This study made observations of feral honeybees and 
native pollinating invertebrates for one hundred and twelve hours, at fifteen sites in 
Banksia woodland, between July 27 and September JO, 1995. Flowering and pre-
.flowering invertebrate assemblages ofLeucopogon polymorphus, an epacrid shrub 
which provided the focus of the study, were also documented. Although the number 
of bees seen was generally low, there is evidence to suggest that activity was 
concentrated on just eight species of plants. Pollen foraging activity was further 
concentrated temporally, because not all the species used flowered at the same time. 
Despite a high degree offloristic uniformity within the study area, honeybee and other 
invertebrate activity was concentrated at some sites due to a number of site 
characteristics. The concentration was reinforced by the fact that favourable weather 
conditions influenced both the numbers of honeybees and native invertebrates seen. 
This apparent temporal and spatial pattern of concentrated activity was reflected in the 
numbers of developing seeds of Leucopogon polymorphus. Flowering invertebrate 
assemblages were, relative to the pre-flowering assemblages, highly variable. 
However, there were no definitive links between this variability and aspects of the 
other data. It was concluded that temporal and spatial concentration of invertebrate 
activity is likely to make resource competition or aggressive displacement of native 
pollinators more likely. The discussion focuses upon possible consequences of 
concentrated honeybee activity upon the pollination regimes of heavily utilised plants. 
The implications for the management of nature conservation areas are highlighted in 
the light of this discussion. 
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CHAPTER 1 
INTRODUCTION 
1 
1 INTRODUCTION AND BACKGROUND TO THE STUDY 
1.1 General Introduction 
1.1.1 Nature Conservation 
Both the governments of Australia and Western Australia are developing 
strategies and processes designed to encourage and facilitate the preservation of 
Australia's biological diversity (CALM, 1992; Biological Diversity Advisory 
Committee, 1992). The aims of the Nature Conservation Strategy for Western 
Australia ( CALM, 1992) are, inter alia, to: 
• maintain essential ecological processes and life support systems; 
• preserve genetic diversity; and 
• ensure the sustainable utilisation of ecosystems. 
It is now widely recognised that feral animals pose a distinct threat to the 
achievement of these goals (Endangered Species Advisory Committee 1992). Jarman 
(1994) suggested that 24 exotic mammal species, plus several Australian mammal 
species (having been moved from their native range), a similar number of exotic and 
native bird species and at least one exotic species of frog and reptile, have established 
breeding populations in Australia. 
Although feral vertebrates are generally more conspicuous than invertebrates, 
Jarman (1994) reminded us that there are far more feral invertebrates. Bailey (1994) 
suggested that the feral bee (Apis mellifera) may be Australia's most abundant and 
visible feral animal. Feral colonies are present in virtually all regions throughout the 
south-western third of W.A. (Manning, 1992) and are thought to be most common in 
the coastal woodlands (Paton, 1995). Feral bee hives are difficult to locate and so data 
on the number of hives are lacking. Thorp (1987) estimated there to be between 
2 
10,000 & 30,000 honeybees in a feral hive (around half that of a managed hive) and 
Paton (1995) has recorded as many as 60,000 bee returns to a feral hive in a single 
day. 
Paton (1995) has summarised potential adverse effects of the honeybee upon the 
native biota: namely the competitive displacement of native pollinators; reduction in 
the pollen loads available for native pollinators; ineffective pollination of native plants, 
sometimes bypassing legitimate pollination mechanisms, and reduced seed set. There 
is the potential, therefore, for a widespread invertebrate in Australia to have a 
profound impact on the structure and composition of native plant and invertebrate 
communities. This project arose from a need to consider further what effect these 
potential impacts might have upon nature conservation values. 
1.1.2 Outline of the Study 
This study examined feral honeybee activity within Yanchep National Park, an 
area managed for nature conservation. It aimed to document the plant species that 
were used by feral honeybees and some of the floristic, temporal and environmental 
factors which influenced their foraging behaviour. One species of plant, Leucopogon 
polymorphus Sonder (Epacridaceae ), was selected to provide a focus for the study. 
The study also considered the factors affecting the visits of invertebrate pollinators, 
including honeybees, to the flowers of L. polymorphus, and whether the removal of 
honeybees had any effect upon the number of invertebrates seen. Seed production, 
and the invertebrate assemblages of the plant, were also evaluated in relation to 
patterns found in the floristic, honeybee and other invertebrate data. 
The following sections, starting with an overview of the debate about 
honeybees, highlight information which is helpful in understanding the purpose and 
nature of this study. They are followed by a detailed description of the study 
components, concentrating upon those characteristics that made them a logical choice. 
3 
The chapter then concludes by asking a series of research questions, and giving seven 
objectives, which evolved from both a review of the previous studies and the 
management requirements of nature conservation areas. 
1.2 Significance of the Project 
As stated above, this project was chosen for its topical relevance. It tackled an 
issue central to the management of natural resources, one that is likely to become more 
contentious as the knowledge of the ecological interactions of honeybees increases, 
and as more of our natural areas are lost to development, degradation and disease. 
Beekeeping is a viable and profitable industry, raising $A2 million in export dollars 
for W.A. in 1990-1 (Manning, 1993), and requires large areas of undisturbed natural 
vegetation to produce sufficient quantities of characteristically Western Australian 
honey. On the other hand, there is concern that the values of our already pressurised 
conservation reserves are being compromised by the presence of feral and domestic 
honeybees. This topic has been the subject of a number of reviews ( eg. Scheltema, 
1981; Matthews, 1984; Stace, 1988; Manning, 1989b; Paton, 1995). 
Matthews (1984) expressed the view that allowing beekeeping in nature reserves 
is no different, in principle, to opening reserves to grazing by sheep and cattle. Most 
other conclusions drawn from reviews point to two schools of thought. Reviews such 
as those by Manning ( 1989b) and Stace ( 1988) usually reflected the opinions of those 
connected with the apicultural industry. Their more obvious conclusions about the 
current state of affairs are that: 
• exclusion of beekeeping from reserves will not prevent honeybees from 
utilising them; 
• research does not support the policy of excluding bees from reserves; 
• more research is needed and, until such time that an adverse impact is 
proven, beekeeping should be permitted in all natural areas; 
4 
• floral resources have been used for a considerable length of time by 
beekeepers and removing the right of access to them will be a retrograde 
step affecting the livelihood of a section of the community; 
• honeybees have been around for such a length of time that any impacts 
will already have occurred and that bees are now an essential part of 
Australian ecosystems; 
• beekeepers are responsible managers with a vested interest in 
conservation; and 
• that beekeeping is migratory and is concentrated where nectar is in 
abundance and so is not likely to create competition for resources with 
native fauna. 
The suggestion that beekeeping should be permitted in all natural areas until an 
adverse impact upon the Australian can be proven, defies the precautionary principle. 
Such principles underlie the aims of nature conservation outlined in Section 1.1. 
However, some of these arguments are no doubt considered in decisions made by our 
land managers and environmental policy makers. In his review, Manning (1989b) 
ignored ( or is unaware of) the evidence that the number of honeyeaters in an area is 
related to the amount of nectar available (eg. Paton, 1985). Furthermore, lack of 
overwhelming evidence to show that honeybees have had an effect upon native fauna 
cannot, and does not, support Manning's (1989b) hypothesis that: 
"Western Australian plants in many aspects have developed their life 
cycles to adapt to fire and hot-dry summers. Fire totally destroys the flora 
and the majority of its animal community and has possibly kept the native 
pollinator populations at low densities. Plants have responded by 
producing copious amounts of nectar to attract the limited numbers of 
pollinators, therefore introduced honeybees have had little or no impact on 
the native fauna" (p. 452). 
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Many conservationists suggest a precautionary approach. Perhaps it should be 
up to the beekeepers and apicultural researchers to provide more evidence that directly 
supports the hypotheses, such as Manning's, in order to secure A. mellifera a place in 
Australian ecosystems. An alliance, formed through a common desire to see large 
areas of undisturbed land set aside, that once existed between conservationists and 
apiarists, has now given way to controversy (Pyke, 1990). 
1.3 Bees 
All bees belong to the superfamily Apoidea within the order Hymenoptera. 
Crane ( 1990) estimated there to be about 20,000 species of bees worldwide. True 
honeybees belong to the family Apidae, subfamily Apinae (honeybees) in which Apis 
is the only genus. Two species of Apis, A. mellifera and A. cerana, are widely 
managed worldwie for honey production and crop pollination (Crane, 1990). In 
addition to the Apinae, there are three other subfamilies of the family Apidae: only one 
of these, the Meliponinae is native to Australia (Spessa, 1995). Therefore, there are 
no true honeybees native to Australia. However, limited social activity does occur 
within the Meliponinae (stingless bees) which are native to northern Australia and 
many other tropical regions of the world (Crane, 1990). 
1.3.1 Australian Native Bees 
"Australia has the most distinctive continental bee fauna in the world" (Spessa, 
1995, p. 7). Over three-quarters of the genera and nearly half the named species 
belong to the Colletidae, a primitive family most probably of Gondwanan origin. 
Colletid bees are generally dependent upon one family of plants, the Myrtaceae 
(Spessa, 1995). As well as the Meliponinae, there exists in Australia, a group of 
'primitively' social bees known as 'allodapines' that are represented mainly by the 
genus Exoneura (Sugden, 1988). This group belongs to the family Anthophoridae 
and uses a broad range of plants (Spessa, 1995). Although there has been one study 
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conducted in relation to the possible effects of the honeybee upon one species of 
Exoneura (Sugden & Pyke, 1991), their conservation status is unclear. 
1.3.2 Apis mellifera 
"The honey bee exhibits a combination of individual traits and social co-
operation that is unparalleled in the animal kingdom" (Winston, 1987, p. 1). The 
division of labour within the social organisation of honeybees means that colonies can 
grow quickly in times of abundant resources. Worker honeybees forage for either 
pollen or nectar, usually visiting the flowers of the same species repeatedly 
(Matthews, 1984), are larger than native bees, and are able to remove more nectar or 
pollen than native invertebrates (Paton, 1995). Matthews (1984) stated the following 
five reasons why honeybees are more efficient foragers than native invertebrates: 
(a) their greater tolerance of low temperature, enables them to reach nectar 
sources earlier in the day and on more days in every year; 
(b) their highly developed communication system enables them to locate and 
exploit nectar sources rapidly and in large numbers; 
(c) their long tongues enable them to exploit nectar sources usually only 
available to birds; 
( d) their aggressive behaviour and weight of numbers deter competition, and 
(e) in the case of managed honeybees, they are advantaged by human-
constructed shelters and favourable siting. 
Although the genus Apis originally evolved in the tropics, it was the European 
bees which were the first to be studied and managed (Crane, 1990). This resulted in 
honeybees of European origin being transported to areas ( eg. Australia and the 
Americas), that were colonised by Europeans. In 1956, the introduction of some 49 
southern African queens into Brazil facilitated the hybridisation of African and 
European bees. The resultant "Africanized" bees established quickly, and swarmed 
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effectively, and soon became commonplace throughout tropical and central America. 
The behavioural characteristics and colonial biology of "Africanized" bees have 
enabled them to supplant European bees in the warmer parts of the Americas (Crane, 
1990) and their impact upon beekeeping generated a new line of research into 
honeybee biology and ecology (Roubik, 1988). This clearly demonstrates the 
competitive nature of honeybees and how, even with competition from other social 
bees, feral colonies have the potential to displace pre-existing suites of pollinators. 
1.3.3 Mana~ed and Feral Honeybees in Western Australia 
Honeybees were first introduced into Western Australia in 1846 (Allan and 
Manning, 1992; Manning, 1989b) and by 1881 had spread throughout the south-west 
of the State (Manning, 1989b ). Allan and Manning ( 1992) stated there are about 
1,200 beekeepers in Western Australia, most of whom keep less than 200 hives. 
Commercial apiarists require more than 300 hives, each producing between 140 and 
230 kg of honey per year, for an adequate income. 
Feral European honeybee populations are widespread, though patchily 
distributed throughout Australia (Paton, 1995) and are now present in average, or 
consistently high, concentrations throughout the south-west of Western Australia 
(Moore, Williams and Crooke, 1983). They have even reached areas of Western 
Australia where commercial beekeeping had never existed (Manning, 1989a). Paton 
(1995) found the density of feral bees in natural areas to be between 0.001 colonies 
per hectare and 0.77 colonies per hectare. 
Feral colonies establish as a result of swarming from feral and domestic hives. 
Even in a managed situation this cannot be prevented, but it may be reduced by 
appropriate management and possibly by "queen breeding programmes" designed to 
breed bees that are less predisposed to swarming (Manning, 1989a). Thorp (1987) 
suggested that feral colonies will produce at least one swarm per year and that 25% of 
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hives within commercial apiaries also swarm each year. Survival of swarms is 
estimated to be 25% in the first year and 80% in subsequent years (Thorp, 1987). 
Douglas (1980) pointed out that feral colonies, unlike their domestic counterparts, are 
often regulated by fire, drought and flood. 
1.4 Honeybee Floral Resources 
Phenological patterns are important to beekeeping. Honeybees, and 
consequently beekeepers, are selective in the resources that they seek. Whilst Wills, 
Lyons & Bell (1990) have studied the foraging preferences of honeybees in the 
Beekeeper's Reserve on the sandplain 300 km north of Perth, beekeepers are usually 
more general in the way they describe floral resources. Major groups of plants are 
considered important and are consequently targeted by beekeepers. Beekeepers pay 
little attention to the species that do not play a significant role in the production of 
honey. 
Wills et al., (1990) stated that management decisions about the utilisation of 
Australian ecosystems must be made in the light of knowledge about the phenology 
and pollination ecology of the utilised species. The following section summarises, 
very generally, the floral resources targeted by feral and domestic honeybees. 
Beekeeping activities are migratory and follow seasonal honey flows (Allan and 
Manning, 1992; Chambers, 1979). The native forests and woodlands provide most of 
the nectar and pollen resources essential for honey production and colony 
development. Chambers (1979) pointed out that cultivated pasture crops produce very 
little honey surplus. Smith (1969) suggested that the Myrtaceae is the single most 
important family for honey production and describes in detail, for the benefit of 
beekeepers, the occurrence and flowering times of the most common members of the 
genus Eucalyptus. Banksia (Chambers, 1979), and other proteaceous genera 
(Coleman, 1962), are also an important resource in all areas. 
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In winter and spring the coastal sandplain is widely used for beekeeping. At this 
time the Epacridaceae, an abundant and significant family, is flowering. Smith (1969) 
suggested that beekeepers consider Leucopogon as being the most important genus 
within this family. The importance of the heathland/woodland vegetation to 
beekeeping is underlined by the fact that over half of the northern sandplain, an area of 
over 1,300 km2, 300 km north of Perth, is set aside as the Beekeeper's Reserve for 
the purposes of apiculture and flora conservation (Wills et al., 1990). 
The migrational movement of managed honeybees within different vegetation 
types of south-western Australia, coupled with the relationship between managed and 
feral honeybees, predisposes the native biota to the effects of feral and domestic 
honeybees. These effects may be different, given different densities of honeybees. 
Therefore, the desire to manipulate the numbers of honeybees within a given area has 
underscored much of the previous work on the effects of the honeybee upon the native 
biota (eg. Pyke & Balzer, 1985). The extent of the current knowledge about the 
interactions of the honeybee with the native biota is described below. 
1.5 Honeybee Interactions with the Australian Biota 
In the most recent, balanced and comprehensive review of the issues concerning 
honeybees and their management, Paton (1995) summarised the extent of knowledge 
regarding the complex, potential interactions of the honeybee with the Australian biota. 
This section of the thesis draws substantially upon the concise, logical organisation of 
Paton's work. Paton (1995) also reviewed the topic globally and draws comparison 
between Australia and overseas. However, this section presents only Australian 
research, and primarily that on invertebrates. 
1.5.1 Birds and Other Hollow Freqyenting Fauna 
As this project concentrated upon honeybee interactions with invertebrates in a 
single floristic community and focused upon a single species of plant, this subsection 
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has remained brief. However, it is necessary to outline the principal interactions 
between birds and other hollow frequenting fauna because it permits a deeper 
understanding of the arguments central to the debate about honeybees and their role 
within Australian ecosystems. 
Paton and co-workers have experimentally manipulated the numbers of 
honeybees and measured the response of birds to these manipulations. Paton (1993) 
concluded that honeybees consume a large proportion (up to 90%) of the resources 
used by nectar feeding birds and he suggested that nectar feeding birds will alter 
feeding strategies, often resulting in larger territories, when the number of honeybees 
working an area increases. 
Bell (1987) outlined the concerns that bees may compete for nest sites with the 
native biota, particularly birds. However, Western Australian research has recorded 
very few instances of honeybees displacing birds in this way (Saunders (1979; 
Rowley, 1990) Nevertheless, Paton (1995) stated that the use of hollows by 
honeybees broadly overlaps that of a wide variety of birds and mammals, and that, 
although the occupancy of hollows by bees is often less than 1 %, in some locations 
where hollows are rare, significant competition is possible. 
1.5.2 Plants 
Paton (1995) outlined the ways in which honeybees may alter pollination rates 
of Australian plants. They could: 
• add to the pollination services provided by the native fauna leading to an 
increase in seed production; 
• displace native pollinators from flowers without providing equivalent 
pollination services, thus leading to a decline in seed production; 
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• 
• 
alter the behaviour of native pollinators in ways that alter patterns of 
pollen dispersal, thus leading to changes in seed production, and 
remove pollen from flowers, thus reducing the amount of pollen being 
transferred by legitimate pollinators, again reducing seed production. 
Many studies of pollination ecology in Australia have concentrated upon the 
Proteaceae, particularly on various species of Banksia (eg. McFarland, 1985: 
Copland & Whelan, 1989), and many of them deal specifically with pollinators (eg. 
Paton & Turner, 1985; Whelan & Goldingay, 1986; Ramsey & Vaughton, 1991; 
Vaughton, 1991; Vaughton, 1992; Carthew, 1993). 
The genus Eucalyptus has also been relatively well studied and the Myrtaceae, in 
general, contains taxa with a diverse array of floral structures (Beardsell, O'Brien, 
Williams, Knox & Calder, 1993). However, Beardsell et al. (1993) suggested that 
many genera within the Myrtaceae are in need of further study. One study (Gross, 
1992) found that, despite subtle differences in floral morphology and nectar rewards 
between three co-occurring and morphologically similar legumes, pollinating 
Trichocolletes spp. bees (Colletidae) only remained faithful to a given species in 43% 
of interplant flights. 
Wills et al. ( 1990) drew attention to the fact that any studies relating to honeybee 
effects upon plants need to address the pollination ecology of the species in question. 
They have listed six epacrids that were used by honeybees during the winter of 1987 
and indicated that two of these (Leucopogon conostephioides and L. crassifolia) were 
also used by native bees. No published studies were found during this project that 
have previously dealt solely with the pollination ecology of any of the Epacridaceae. 
There is, therefore, some difficulty in undertaking studies relating to honeybee 
interactions with both plants and invertebrates because of a lack of baseline data. 
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Unless a proposed study tackles honeybee interaction with one of the very few species 
for which the pollination ecology has been studied, the necessary detail must be gained 
during the study. This is somewhat ironic because detailed information about the 
pollination ecology is invaluable in determining those species that, due to their 
reproductive processes, may be predisposed to adverse or beneficial effects of 
foraging honeybees. 
Matthews (1984) suggested that interspecific foraging by honeybees may lead to 
increased rates of hybridisation between plant species. However, Paton (1995) 
suggested that native birds and mammals (eg. Ford & Paton, 1982; Hopper, 1980) 
and insects (Gross, 1992) carry pollen loads that are at least as mixed, if not more 
mixed, than honeybees. Alternatively, the behavioural characteristics of the foraging 
honeybee and its intensive use of a single species may reduce the chances of 
hybridisation, particularly in solely insect pollinated plants which depend upon 
pollinators with a narrow foraging niche (eg. orchids and wasps, Hopper, 1987). 
Some studies have excluded nectar feeding birds and tested seed setting 
differences between bee pollinated and bird and bee pollinated flowers (eg. Paton & 
Turner, 1985; Vaughton, 1992; Paton, 1993). Although seed production was 
generally higher in the presence of birds and honeybees, honeybees did pollinate the 
species being studied. Paton ( 1995) concluded that honeybees foraging for pollen are 
more likely to pollinate successfully many vertebrate pollinated plant species than 
those foraging for nectar, because of a greater incidence of contact with stigmatic 
surfaces. 
Paton (1995) suggested that the conclusions of some studies, indicating that 
honeybees can effectively increase seed set for eucalypts, are premature. Although 
some preliminary studies have suggested that certain species of eucalypts have shown 
increased seed production due to the activity of honeybees (eg. Loneragan, 1979; 
Moncur, Charles & Kleinschmidt, 1993), most of these have been in managed stands 
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or seed orchards in which natural rates of pollination are low. Paton (1995) also 
suggested that all studies so far have lacked replication and did not control for possible 
locational and seasonal effects upon variation in seed production. Paton concluded by 
emphasising that differences in seed production are often due to insufficient native 
fauna and not to more effective pollination by honeybees. 
Incidents have been recorded, particularly with vertebrate pollinated taxa, of 
nectar harvesting honeybees rarely touching the stigmatic or pollen bearing surfaces of 
some flowers. Bell (1987) suggested that honeybees robbed nectar or visited the 
flowers of Templetonia retusa and species of Crotalaria, Erythrina, Bossiaea, 
Gastrolobium, Oxylobium, Calothamnus, Banksia and Beaufortia in ways that 
bypassed legitimate pollination mechanisms. 
Taylor and Whelan (1988) found that, although honeybees were seen foraging 
for nectar on Grevillea x gaudichaudii, they had none of the species' pollen on their 
bodies. Furthermore, the species' pollen was not present in the pollen carried by bees 
returning to the hive. Observation of honeybee activity at the flowers of G. x 
gaudichaudii revealed no incidences of pollen transfer to the stigmas of any of the 500 
flowers monitored. The authors concluded that honeybees "harvested nectar from this 
plant species without affecting pollination, and would therefore make the plants less 
attractive to native pollinators without compensating for any consequent reduction in 
reproductive success" (p. 193). 
Although it has been stated that there is less evidence that pollen foraging 
honeybees reduce seed set, or bypass legitimate pollination mechanisms, Pyke, Day & 
Wale (1988) and Pyke (1990) concluded that honeybees removed so much pollen 
from Blandfordia nobilis that the effectiveness of pollen transfer by honeyeaters, and 
consequently seed production, was reduced. 
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1.5.3 Invertebrates 
There have been only two published Australian studies which have dealt with the 
interaction of honeybee studies and their effects upon native bees (Pyke and Balzer, 
1985; Sugden & Pyke, 1991) However, other unpublished preliminary research 
(Anderson, 1989; Bailey, 1994) and anecdotal evidence (Douglas, 1977; Holm, 1988) 
implied the displacement of natural pollinators by honeybees. With the exception of 
Sugden & Pyke (1991), no Australian studies have looked at the effect of honeybees 
upon invertebrate communities or upon individual species of invertebrate pollinators 
suspected to be vulnerable to the effects of the honeybee. In common with the work 
on birds, Pyke and Balzer's (1985) work involved managed hives. Sugden & Pyke 
(1991) relied upon feral bee densities within their study area. 
1.5.3.1 The effect of introducin~ honeybees 
Pyke and Balzer (1985) introduced hives of honeybees to an alpine area of 
Kosciusko National Park that previously had no recorded history of honeybees. Their 
hypothesis was that, given competitive interaction, the density of native bees would be 
reduced in areas of high honeybee density following the introduction of hives. Thirty 
hives were placed in a sub-alpine meadow and counts of the number of honeybees and 
native bees were made along 1 km transects and at 1 m x 1 m plots of flowering 
Prostanthera cuneata (the most commonly visited plant) both before and after the 
introduction of the hives. 
After the introduction of honeybees the number of native bees declined in the 
transects and plots closest to the hive source. However, there were many 
contradictions in the results. There were more native bees seen in the transects closest 
to the hive source, where honeybee densities were greatest, than in those further 
away. If there was competition between honeybees and native bees for floral 
resources it would be reasonable to expect that the decline in native bee numbers 
would be most severe in areas where honeybee activity was highest. 
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1.5.3.2 The effect of removin~ honeybees 
In another aspect of their work Pyke and Balzer (1985) attempted to determine 
the changes in the number of native bees visiting plots due to the removal of 
honeybees. Eight 1 m x 1 m plots containing Leptospermum squarrosum were 
established at West Head in Ku-ring-gai Chase National Park, 45 km north of 
Sydney. Four of these acted as control plots and the other four were treatment plots 
from which honeybees were removed on selected days. Counts of honeybees and 
native bees repeatedly arriving at all plots over a 10 minute period were made. 
Honeybees were removed from treatment plots on six days in April, 1981. These 
counts were compared to counts made at the same plots on four days when honeybees 
were not removed. Both these sets of data were then compared with parallel data from 
four control plots from which no honeybees had been removed on any occasion. 
The results showed an increase in the number of native bees arriving at the 
experimental plots on days when honeybees were removed and Pyke & Balzer 
interpreted this as being indicative of a competitive interaction, despite the fact there 
were still large numbers of honeybees arriving at the treatment plots on days when 
honeybees were removed. Some problems in experimental technique make a further 
evaluation of Pyke and Balzer' s results difficult. They did not make it clear whether 
honeybees were removed prior to foraging or whether they were allowed to forage 
(Paton, 1995). However, from data elsewhere in their work, it appears that at least 
some honeybees must have foraged at times when honeybees were removed. In this 
case, the floral resources available to native bees may not have differed greatly 
between removal and non-removal days (Paton, 1995). Paton (1995) also suggests 
that lack of background data about each of their sites (eg. number of flowers, 
surrounding vegetation, etc.) makes their conclusions less convincing. Other factors 
in adjacent areas to the plots may have caused variations. All eight plots were within 
100 m2 and therefore, controls may have influenced treatment sites and vice versa. 
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1.5.3.3 The effect of competition upon reproductive success 
Sugden and Pyke (1991) attempted to measure the effect of feral honeybees 
upon the reproductive performance of one species of semi-social native bee, Exoneura 
asimillima. The species was selected because numerous colonies were easily found 
and because the locations of these colonies made sampling relatively easy. Other than 
its need for similar resources there was no preconceived idea that E. asimillima would 
be affected by increased densities of honeybees. The study was carried out over two 
years. 
The study found that, in the first year, numbers of large larvae and prepupae 
showed a high variability in all the nests examined. The authors suggested that this 
was due to differences in sampling time. In the second year of the study there were, 
relative to the control sites, significantly fewer adult males in nests at sites which had 
honeybees. However, the possibility that resource competition with honeybees had 
resulted in increased migration, was only one of a number of plausible explanations. 
1.5.4 Summary 
The flowering phenology and pollination ecology of .species that are preferred by 
honeybees are likely to determine which species are predisposed to the deleterious or 
beneficial effects of honeybee utilisation. Although there has been some study of the 
pollination ecology of some the Proteaceous species used by honeybees, there is, in 
general, a lack of information which makes it difficult to determine which plant species 
should be the focus of future studies. A similar lack of information prevents the focus 
of research on susceptible native invertebrate taxa. 
The components of this project are now outlined. This serves to further 
highlight why, in the light of the literature, they were relevant and demonstrate why 
the study area, plant species and methodology selected, were appropriate. 
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1.6 Study Components 
Given the overall lack of information on invertebrate interaction with honeybees, 
a project that concentrated upon invertebrates and an invertebrate pollinated plant, was 
considered appropriate. This choice was also appropriate to the time available for an 
Honours project. 
1.6.1 Yanchep National Park 
Yanchep National Park was chosen for a number of reasons. Firstly, it had a 
history of beekeeping and was known to contain over a hundred hives of feral bees 
(CALM, 1989). It was assumed that, because no control of feral hives is undertaken 
outside the recreational area of the Park, feral bee densities were as high as floral 
resources and environmental controlling factors would permit. Secondly, the Park is 
managed for nature conservation and contains a range of vegetation types many of 
which contain predominantly winter flowering species, and finally, because it was 
relatively close to the Joondalup Campus of Edith Cowan University. It was 
considered appropriate to work with feral bees because the experiment was conducted 
at a time when managed bees are not normally found in the vicinity of the Park. 
Under these circumstances a removal experiment was considered the only appropriate 
method to test for competition between honeybees and native invertebrates. 
Yanchep National Park is 2,799 ha in size and located 48 km north of Perth 
(Figure 1.1) within the City of Wanneroo. The Park is vested in the National Parks 
and Nature Conservation Agency and is managed by the Western Australian 
Department of Conservation and Land Management (CALM) for purpose of 
"Protection and Preservation of Caves and Flora and for Health and Pleasure Resort" 
(CALM, 1989, p. 3). Two forest blocks, Ridges State Forest and part of State Forest 
65 (see Figure 1.1), that adjoin the Park at its eastern boundary, are intended to be 
added to the Park as a result of the System 6 Report (Department of Conservation and 
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FIGURE 1.1. Yanchep National Park locality map (from CALM, 1989). 
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Environment, 1983). Consequently, these are contained within management plans for 
the Park. 
The Apiculture section within the Western Australian Department of Agriculture 
has used Yanchep National Park for a queen bee breeding programme since the 1930s 
(Manning, 1989b) involving between 80 and 100 hives (CALM, 1989). In addition to 
the Department's site, there are three registered commercial apiary sites adjacent to the 
Park from which honeybees can use the flora of the Park (see Figure 2.1, methods). 
Two management documents have questioned the suitability of placing hives 
within the Park. The Draft Management Plan for the Park suggested that the Park is 
not of sufficient size to support apiary sites (Manning, 1989b) whilst Moore et al. 
(1983) cited public use as a restriction to beekeeping in some reserves in Western 
Australia. Management of the Park aims to minimise the effects of feral and managed 
honeybees upon the environment. This has lead to the development of a number of 
management prescriptions (CALM, 1989). 
Ongoing Management policy is to continue to allow the use of Department of 
Agriculture's research sites and the three other apiary sites that already exist adjacent to 
the Park but not to permit any other sites within the Park. Encouraging research into 
the effects of honeybees on Western Australian ecosystems is a 'Priority l' 
prescription whilst investigating the efficacy of a control program on feral bee hives is 
a 'Priority 2' concern. The need for research into the interactions of the honeybee is 
highlighted by the lack of knowledge about terrestrial invertebrates within W.A. 
(Bailey, 1994) and especially Yanchep National Park. CALM (1989, p. 33) stated 
that "the terrestrial invertebrates of the Park have not been surveyed, with the 
exception of a small collection of butterflies (4 common species) in 1981". 
Although there has been no work on the terrestrial invertebrates within the park, 
much of the Park is Banksia woodland and, in similar areas, there has been some 
20 
if 
It 
11, 
:ii 
:111 
research. Majer ( 1989) suggested that, although the information about different 
invertebrate communities in various plant formations is limited, and given some 
similarity in adjacent vegetation types, the terrestrial invertebrate fauna of Banksia 
woodlands may be distinctive. One study (Hawkeswood, 1981) has documented the 
floral visitors of Nuytsia floribunda (Loranthaceae), which flowers in the Park, 
predominantly in November and December, and found that A. mellifera was a 
common visitor to the flowers of the species over a range of geographical areas. 
Mature vegetation was considered important for this study. Davies ( 1987) states 
that an area will not yield sufficient quantities of nectar and pollen to support 
commercial apiaries until three to five years after a fire. Full production is not 
achieved until eight years after a fire. Mature vegetation in the study area was also 
necessary to ensure adequate habitat for native pollinators and to maximise the 
possibility of encountering the full range of potential pollinators. 
1.6.2 Temporal Resource Availability 
The Epacridaceae, highlighted by Smith ( 1969) as being an important resource 
for honeybees, are predominantly winter flowering and, in areas of the coastal plain, 
show a marked increase in the number of species flowering from mid-April to mid-
August (Bell & Stephens, 1982). The importance of the Epacridaceae as a pollen 
resource for honeybees is highlighted by Coleman (1962, p. 657) who describes 
Leucopogon conostephioides as a good pollen producer which acts as a "building 
flow" for brood development. The flowering time of this species is also important 
because, as Bell (1987) has demonstrated, honeybees then concentrate on a range of 
other species (eg. Daviesia spp.) when they begin to flower. Any study that attempts 
to document honeybee utilisation of a resource and the effect of resource competition 
on other potential pollinators, should consider the relative importance of the species 
being studied in relation to the other resources floral available. Clearly, the fewer 
preferred species that are flowering, the more concentrated foraging effort will be. 
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The Proteaceae also show a similar rise in the number of species flowering 
during mid-April to mid-August (Bell & Stephens, 1982) and Wills et al. (1990) 
highlighted nine winter flowering species of Proteaceae found on the coastal plain that 
were used by honeybees as a nectar resource. Although they were studying kwongan, 
and not Banksia woodland, Bell & Stephens ( 1982) showed the relative dearth of 
floral resources prior to increase in the number of flowering species of Proteaceae and 
Epacridaceae in late April and early May. 
Wills et al. (1990) have shown that the plant species utilised by honeybees are 
usually abundant and have relatively high vegetative cover within a given area. In 
terms of this project it was considered that those abundant species, known to be 
preferred by honeybees, which flowered at the beginning of winter would be used 
quite intensively by both honeybees and native pollinators. Honeybees build up 
numbers quickly as a response to a seasonal increase in floral resources, and plants 
that produce a good pollen supply are particularly important to honeybees, because 
pollen is required for brood development. 
In the light of this rationale, a short list of plants were selected to provide a focus 
for the study. Early winter flowering, a demonstrated use of the plant species by 
honeybees, an abundant presence within Y anchep National Park and appropriate size 
were the primary selection criteria. The Epacridaceae were considered ideal and 
eighteen species were known to occur in Yanchep National Park (Keighery, 1993). 
Leucopogon conostephioides was selected initially because: it was common in 
specific areas of the Park; it is used intensively by honeybees (van der Moezel, Delfs, 
Pate, Loneragan & Bell, 1987); it flowers from April to August (Marchant, Wheeler, 
Rye, Bennet, Lander & Macfarlane, 1987) and in abundance (L. Allan, Senior 
Apiculturist, Department of Agriculture, pers. comm.), and because it is also used by 
native bees (Wills et al., 1990). The species is small, and therefore could be easily 
studied, and is presumably pollinated by invertebrates. A study area was selected and 
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marked out in the field on the basis of this species. 
Unfortunately, an uncontrolled, prescription fire burned this study area just prior 
to the species flowering. Another suitable study area, that contained sufficient plants 
of this species, over a large enough area to satisfy elements of the experimental 
design, could not be found. At this time (May 8) L. conostephioides was about to 
commence flowering. Therefore, another species was selected and another study area 
identified on the basis of previous survey work within the Park. 
1.6.3 Leucopogon polymorphus 
L. polymorphus was chosen as the focus of the study because it too was a 
known honeybee pollen resource. It, however, flowers from June to October 
(Marchant et al., 1987), over a month later than L. conostephioides. Therefore, due to 
unforeseen circumstances, some of the previously described advantages of choosing a 
relatively early winter flowering species were lost. In fact, it was not until the end of 
July when L. polymorphus commenced flowering in the study area. 
L. polymorphus is a small shrub of weak habit, growing to 1 m high, and was 
abundant in the Banksia Low Woodland (Beard, 1989) within the Park. In a wider 
context, the species occurs in the sandy soils of the Swan Coastal Plain from Y anchep 
to Bunbury. It is a complex species with variants of uncertain status which are in need 
of further study (Marchant, et al., 1987). It is shallow rooted (Dodd, Heddie, Pate, & 
Dixon, 1982), and this, combined with the late arrival of the first significant autumn 
rains, may explain the apparent delayed flowering of the species during the course of 
the study. 
The small, white flowers of L. polymorphus occur in spikes containing groups 
of 4-8 flowers which are terminal or found in the upper axils. The corolla tube, which 
terminates in 5 densely bearded, recurved lobes, is about 5 mm long and slightly 
shorter than the sepals. The narrowly oblong anthers are inserted near the top of the 
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corolla tube whilst the style is short ( < 1 mm) and included, terminating below the 
anthers. The species regenerates only from seed (R. Wills, pers. comm.) 
The species was also considered suitable for study because it is has a relatively 
long flowering period. This was important because it ensured that a pollen resource 
was available for the entirety of the study. 
1.6.4 Experimental Considerations 
The review of the literature highlighted number of factors that were worthy of 
consideration in the design of the experiment. Firstly, when conducting a controlled 
removal experiment, care must be taken to ensure that the treatment sites do not 
influence the control sites. A large study area was considered vital so that adequate 
spacing between sites could be achieved. Pyke and Balzer's (1985) eight plots were 
within 100 m2, which Paton (1995) suggested was too close. For the purposes of this 
experiment, a minimum distance of 30 metres between sites was considered both 
appropriate and manageable. The need to have well-spaced sites was balanced by a 
need to choose a study area with homogeneous floristic characteristics. Any 
differences found between treatments, sites or groups of sites, should not be due to 
major differences in floristic or structural composition. 
The evaluation of Pyke and Balzer's (1985) results was hampered by a lack of 
background information for each of the sampling days. Therefore, part of this study 
involved recording as much environmental and floristic information on each sampling 
session as was practically possible. In addition, any removal of honeybees at 
treatment sites was (to have been) undertaken prior to foraging for obvious reasons 
(see Section 1.5.3.2). It was also preferable that native invertebrates should not be 
removed during sampling because it would bias future samples. Clearly, if an animal 
is permanently removed from an area, or disturbed, or damaged, it lessens the chance 
of a repeat visit. Counts of native invertebrates (with qualitative notes) in a similar 
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manner to Pyke and Balzer ( 1985) were preferred. 
1. 7 Aims of the Research 
1.7.1 The Management Problem 
Wills, et al. (1990, p. 174) stated that "information on the effects of honeybee 
foraging on ... native plant species is lacking, but this must be gained to allow 
ecologically based management decisions". This is true for Y anchep National Park. 
Also, the lack of information about the terrestrial invertebrates, the presence and 
densities of feral bees and the interactions of the honeybee with native biota is 
precluding the kind of rational ecologically based decisions needed to fulfil the goals 
of management outlined in Section 1.6.1. It is the purpose of the ecological research 
to challenge hypotheses such as the one stated by Manning (1989b) (cited in Section 
1.2). 
1.7.2 Research Questions 
The following three questions outline the purpose of this research. Initially, to 
what degree is honeybee utilisation of plant species dependent upon the nature of 
alternative resources available and what temporal patterns in honeybee utilisation does 
this create? Secondly, for any given species, what factors influence its utilisation by 
both honeybee and native invertebrates and are these factors similar? Thirdly, are 
there spatial and temporal patterns in the availability of floral resource that make 
competition more or less likely, and do these patterns relate to other factors that 
determine invertebrate activity? 
More precisely, in respect to competition, does the removal of honeybees cause 
changes to the numbers of invertebrate visits to the flowers of a honeybee-utilised 
species? These changes may involve an increase or decrease in the number of native 
invertebrates foraging at flowers. For example, the aggressive behaviour of bees may 
displace native pollinators. In this case, a removal of bees would conceivably lead to 
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an increase in the numbers of invertebrates seen at flowers. Alternatively, if the 
removal of honeybees means that more resources are available to native pollinators, it 
could be that the native pollinators would need to visits fewer flowers, and 
consequently fewer plants, in order to gather sufficient resources. This would result 
in fewer visits to any one plant being studied. In the same way, high levels of 
honeybee use of a species, in areas where honeybees were not removed, may result in 
more native invertebrates being seen at flowers of a heavily utilised species. 
However, the foraging patterns of native invertebrate pollinators would be altered if 
either both or only one of these scenarios were true. This leads us to the final research 
question. 
If honeybees are adding to the pollination services of plants, or are removing 
pollen that would normally be available to native pollinators, or are changing the 
foraging behaviour of native pollinators, and assuming that pollinators are important to 
L. polymorphus, then will these differences in the numbers of recorded honeybee and 
native invertebrate visits be reflected in the number of seeds set? Therefore, if this is 
true, any spatial patterns in honeybee and native invertebrate utilisation of the species, 
due to the removal of honeybees or other factors, will be perpetuated in future 
generations because the species regenerates from seed. 
1.7.3 Objectives 
The following is a series of objectives by which the methodology attempted to 
answer these questions. 
Objective 1. 
Objective 2. 
To determine the degree of homogeneity within the study area. 
To determine the floral resources used by honeybees and the 
environmental and floristic factors their use. 
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Objective 3. 
Objective 4. 
Objective 5. 
Objective 6. 
Objective 7. 
To evaluate honeybee and native invertebrate utilisation of L. 
polymorphus in relation to temporal changes in the flowering of 
other species; 
To determine the factors affecting the number of visits of native 
invertebrate pollinators to L. polymorphus. These include 
environmental and floristic factors as well as the removal of 
honeybees. 
To determine the temporal changes in the fauna! associations of L. 
polymorphus that coincide with the species flowering and which 
taxa, or group of taxa area, are likely to be pollinators. Then to 
evaluate these temporal changes and taxa in the light of honeybee, 
floristic and other pollinator data. 
To evaluate the importance of native invertebrate and honeybee 
visits to L. polymorphus to seed setting. 
To make a contribution, based on the results of this study, to the 
management of biota in nature conservation areas where managed 
or feral honeybees are known to occur. 
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METHODS 
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2 METHODS 
2.1 Study Area 
2.1.1 Characteristics 
A twenty-seven hectare (app. 570 m x 480 m) plot of Banksia woodland, at the 
eastern edge of Yanchep National Park, was selected as a study area (Figure 2.1). 
Extensive, preliminary surveys of all suitably large areas of the appropriate vegetation 
type within the Park were undertaken during March and April 1995. The final choice 
of study area was made on May 10 following the conclusion of the programme of 
prescribed burning for the autumn of 1995. 
Essential characteristics of the study area were as follows: Firstly, the area 
contained a relatively high density of the target species, Leucopogon polymorphus. 
Secondly, the area was considered to be relatively homogenous in its floristic 
characteristics. In other words, the study area was predominantly of one vegetation 
type (Figure 2.1) with no immediately visible differences in structure or composition. 
Thirdly, it was relatively undisturbed, away from any likely sources of future 
disturbance and reasonably accessible by motor vehicle. 
Finally, to ensure adequate floral resources for honeybees, the area had not been 
burned recently. According to the fire officer (Mr. J. Smith), based at the Park, it has 
been over 20 years since the study area has been burned by CALM. Figure 2.2 shows 
a central track that divides the study area. The northern portion of the study area is 
periodically burned by CALM for the purpose of "vegetation management" whilst the 
southern section is prescribed periodic burning for the purpose of "fuel reduction" 
(CALM, 1989, Fig. 7, p. 51). 
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2.1.2 Location of Sites 
Fifteen sites (Figure 2.2) were randomly located throughout the study area. The 
area was delineated using a 1: 25,000 Australian Topographic Survey Map (Yanchep 
2034-IV) and an enlargement (1: 500) of a 1: 20,000 aerial photograph*. A grid of 
squares was superimposed upon a further enlarged map of the study area and a 
random number series was generated from the computer programme Minitab. Sites 
were plotted using each consecutive group of four random number as co-ordinates. In 
some instances the co-ordinates resulted in sites being too close ( <30 m apart). In this 
case the second set of co-ordinates was ignored and the next set generated from the 
random number series was used. 
After plotting the position of the fifteen sites they were grouped into three on the 
basis of geographical proximity. One of three treatments was then randomly assigned 
to each group member. 
2.2 Experimental Design 
Ideally, an experiment of this nature should be replicated in more than one 
National Park or similar area (Paton, 1995). This was not possible within the scope 
of this project. The potential pseudo-replicative nature of treating each group of sites 
as replicates is recognised, but considered unavoidable given the time constraints of an 
Honours project. Furthermore, much valuable research would never be attempted if 
the test of pseudo-replication were stringently applied to biological projects. 
Five groups of randomly located sites (hereafter termed "replicate groups"), each 
having one site assigned to one of three different treatments, were established in the 
study area (Figure 2.2). Two quadrats were marked out at each site. An outer quadrat 
* Metro Regional Area. Project: 940900, Film: WA 3490(C), Run SN, Photo 5151, 6 Jan 1995. 
Scale 1: 20,000 
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of 10 m x 10 m and an inner quadrat of 1.2 m x 1.2 m at the centre of the larger one. 
The inner quadrats contained one or more L. polymorphus plants (hereafter termed 
'monitored plants'). Although the sites were randomly located, the centre of each is 
stratified by the presence of L. polymorphus. This design allows for the following 
three types of direct comparison: 
1. Treatment (A, B & C) comparisons; 
2. Replicate (1-5) group comparisons, and 
3. Site comparisons (lA, lB, ... 5C). 
The type and validity of each comparison made is dependent upon the nature of 
the research questions (Section 1.7.2. & 1.7.3) The methods used for each data 
gathering exercise are detailed within their own section in this chapter and reference is 
made to the appropriate objective where necessary. There now follows an outline of 
what is meant by "treatments" "sites" and "replicate groups". Subsequent sections 
then deal with the gathering of data in relation to floristics, foraging invertebrates, 
environmental variables, invertebrate assemblages and pollination success. 
2.2.1 Treatments 
At five of the sites (one from each replicate group) honeybees were (planned to 
be) prevented from foraging on the monitored L. polymorphus plants. The other ten 
sites, at which honeybees were allowed to forage upon the monitored plants, formed 
two types of control site. The treatment (C) and control sites (B & A) are now 
described. 
2.2.1.1 Netted treatment sites 
Honeybees (and other larger, predominantly airborne insects) were excluded 
from the monitored plants at the five of the sites (C) at all times other than the time of 
sampling. This ensured that honeybees did not forage upon the monitored plants. 
This was achieved by netting the inner sampling quadrat with insect screening (mesh 
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size of 2 mm). To ensure permanency and durability, the screening was fastened to a 
wooden frame. Four wooden jarrah stakes (4 ft) were used to construct a 1.2 m 
square with an 80 cm stake forming a leg at each comer. Each of these frames was 
then netted. Netting materials were selected to minimise shading. Standard, fibre-
glass insect screening was used for the top of each netted frame whilst low density 
shade-cloth, cut to a length of 70 cm, was used for each of the sides. The mesh and 
shade cloth were stapled to the wooden frame using a staple gun. The remaining 10 
cm of each comer stake was finished with a sharpened point so that the frame could be 
pushed into the ground. This entire structure was then removed at the time of 
sampling when any honeybees visiting the 1.2 m x 1.2 m quadrats at the treatment 
sites were (to have been) removed in order to prevent them from foraging. 
2.2.1.2 Netted control sites 
Five of the control sites (B) were identical to the netted treatment sites (C) in 
every detail except that honeybees were allowed to forage on the monitored plants at 
the time of sampling. Plate 2.1 illustrates a netted frame at one of the netted control 
sites (2B). 
2.2.1.3 Unnetted control sites 
The other five control sites (A) were not netted but a 1.2 m x 1.2 m quadrat was 
pegged out. In contrast to the other sites, all types of foraging invertebrates were 
allowed to visit the unnetted monitored plants at any time. These sites acted as 
controls for the ten netted sites. Plate 2.2 illustrates an unnetted control site (2A). 
2.2.2 Isolated Plants 
The field trials were complemented by a controlled experiment in a secured and 
fenced enclosure adjacent to Banksia woodland within the university complex. The 
experiment was designed to test for seed setting, due essentially to intrafloral, self 
pollination, in the absence of visiting pollinators 
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It was considered preferable to conduct a separate trial, rather than have 
permanently netted plants in the field, due to the difficulty in excluding ants. The 
permanently netted plants consisted of individual plants, paired plants and unnetted 
controls. 
Five plants were individually and permanently netted to exclude all potential 
pollinators. A further ten plants were grouped into pairs and each pair was also netted 
in the same way. Five pairs of plants were left unnetted and acted as controls. These 
fifteen paired or single plants mirror the design of the field experiment. In other 
words, there are five replicates of each of two netted treatments and further five 
replicates of an unnetted control. Details of the netting procedure and exclusion 
techniques of the plants are given in Section 2.9. 
2.3 Establishing Sites 
Sites were established on May 13 and May 15. Site locations were determined 
by use of a compass, a 100 m measuring tape and a scale plan of the study area. 
Relative distances ( on a scale of 1 :3440) between sites are illustrated in Figure 2.2. 
Short jarrah (-45 cm) stakes and white surveyor's tape, tied to vegetation at eye level, 
were used to mark the corners of the larger quadrat and a short stake with a 
weatherproof label marked the centre and number of the netted sites. Short stakes 
were also used to mark the four comers of the inner quadrat at the unnetted control 
sites. The 10 netted frames were washed prior to siting within the study area and were 
placed adjacent to the sites at the time of establishment. All sites were photographed at 
this stage. 
The netted frames were installed over the monitored plants in the second and 
third weeks in July, just prior to L. polymorphus flowering. Some of the vegetation 
surrounding the monitored plants at the netted sites was "pruned" a little in order to 
ensure that the side netting of the frames rested upon the ground. At the time of 
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establishment, and during data collection, care was taken in order to avoid all 
unnecessary disturbance of the sites 
2.4 Site Description 
At each site the percentage cover of bare earth, leaf litter and vegetation ( < 2m 
high) was determined on May 25 and May 26. A systematic transect method (Kent & 
Coker, 1992) was used to avoid subjectively assessing cover categories for the three 
variables. Ten transects, spaced at 1 m intervals (0.5m, 1.5m, ... 9.5m) were set up 
across each 10 m x 10 m quadrat. The type of cover (bare earth, litter or vegetation) 
was recorded at 1 m intervals (0.5m, 1.5m, ... 9 .5m) along each transect. This 
resulted in a value of between zero and ten for each cover type for each transect. The 
values for each of the cover types, for each of the ten transects, were then summed, 
and percentage values for each cover type were calculated. 
The relative slope of each site was estimated qualitatively on a linear five point 
scale and their aspect determined by a compass reading. A flat site would be 
represented by O whilst the steepest slope would be 4. A value of 4 represents a 
moderate slope of approximately 5%. 
2.4.1 Leucopogon polymorphus Data 
The number of all L. polymorphus within each of the sites was recorded on June 
28 & 29. To avoid counting plants twice, and to ensure a comprehensive survey, a 
small, white field herbarium tag was tied to each plant. The number and height of the 
monitored plants were also recorded and each monitored plant was numbered. If any 
untagged plants were found later on in the study they were tagged and recorded, and 
the total for the site was amended. Consequently, an accurate measure of the density 
(number of individuals per quadrat, Goldsmith, Harrison & Morton, 1986) of plants 
and the proportion of plants that flowered, was obtained. The number of plants in the 
larger quadrat included the monitored plants. 
37 
2.5 Floristic Survey 
A floristic study of the higher plant species of all fifteen sites was commenced 
on May 29. Preliminary sampling was undertaken over two days and involved 
recording the presence, height and a preliminary cover value for each species at each 
site. Cover values were estimated using a the Braun-Blanquet scale (Goldsmith et al., 
1986; Kent & Coker, 1992) which is set out in Table 2.1. A subsequent TWINSPAN 
(Section 2.10.7.1) classification presents results according to a modified scale. This 
is included in Table 2.1 to make an interpretation the results easier. The modified 
cover categories match those given in Table 3.2 whilst the original categories, used to 
estimate cover for plant species in the field, were used in Figure 3.3. 
TABLE2.l 
Original and modified Braun-Blanquet cover scale 
ORIGINAL MODIFIED 
1 <1% Absent 
2 1- 5% 2 <1% 
3 6- 25% 3 1-5% 
4 26- 50% 4 6- 25% 
5 51 - 75% 5 26- 50% 
6 76- 100% 6 51 - 75% 
7 76- 100% 
Preliminary, field identification was made for some species and others were 
allocated a field codename. Specimens were taken for all species from the site at 
which they were first encountered. In order to consolidate and complete some gaps in 
the preliminary data set, a third sampling of all sites was carried out on June 17. 
Annual plants and geophytes were collected and recorded as part of the floristic 
sampling. However, many of these were only beginning their annual growth phase 
and varied considerably in height at those sites where they were evident . Sampling in 
late autumn/early winter, after a particularly dry summer, precluded a comprehensive 
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survey of geophytes and annuals. Furthermore, to effectively sample this type of 
vegetation a much smaller quadrat size is needed (Kent & Coker, 1992). These plants 
are included in Appendix lB but, because their presence may have been overlooked at 
some sites, they were excluded from the data set used in all analyses. A 10 m x 10 m 
quadrat is, however, appropriate for the analysis of woodland scrub and shrubs (Kent 
and Coker, 1992; Wills et al., 1990). 
Identification of specimens was carried out using Bennet ( 1988), Blackall and 
Grieve (1980; 1981; 1982; 1985) and Marchant et al. (1987). All identified plants 
were matched against voucher specimens at the Western Australian Herbarium. An 
unpublished list of the flora of Yanchep National Park (Keighery, 1993) was also 
consulted. This was particularly useful in the identification of non-flowering plants 
because the number of possible species within each family was greatly reduced. Only 
one specimen, a small, clumping, non-flowering and grass-like herb, remained 
unidentified. 
Following species identification a comprehensive checklist of all the species and 
their occurrence at sites was compiled. Sites were then checked again on June 30 and 
the data set finalised. It is intended that mounted specimens will be lodged with the 
Department of Environmental Management's Herbarium at Edith Cowan University, 
on completion of the project. 
2.6 Honeybee and Other Invertebrate Sampling 
2.6.1 Sampling Phases 
Each site was sampled on five separate occasions thus creating 75 discrete 
sampling sessions. Each sampling session consisted of 90 minutes, and three 
sampling personnel were used. However, no more than two sites were sampled 
concurrently. The sampling strategy consisted of five phases and, in each phase, one 
sampling session was conducted at each site. Sites were sampled in a random order 
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within each phase (for exact date and time of samples and sampler see Appendix 2). 
The first sampling phase commenced on July 27, a week after L. polymorphus 
commenced flowering. The subsequent sampling phases commenced on August 1, 
August 4, August 14 and August 21. Four sites (2B, 3A, 4A & 4C) had no flowering 
L. polymorphus plants within the inner quadrat during the first sampling phase. The 
first sampling of these plants occurred in Phase 2 (3A, 4A & 4C) and Phase 3 (2B). 
A supplementary sampling phase was added to the end of the sampling period in order 
to complete the required number of sampling sessions. Although the data for these 
four sites are "out of phase" they are included, for the purpose of analysis, in the same 
phases as all other sites. The nature of the data obtained during sampling is outlined 
below. 
2.6.2 Data Collection 
The use of pre-prepared data sheets is common and a well constructed and 
organised data sheet minimises the chance of error when transcribing raw field data 
into a form that is suitable for analysis in computer-driven statistical packages (Majer, 
1987). A comprehensive data recording sheet was compiled for field sampling. The 
types and nature of the data to be collected were clearly outlined on the data sheet. A 
sample field data sheet is given in Appendix 5. 
At their time of sampling, netted frames were removed from the netted sites and 
placed outside the site in an area that was least likely to disrupt foraging insects. 
2.6.3 Honeybee Information 
The 90 minute sampling session was divided into six discrete 15 minute 
intervals, and counts of the number of honeybees observed at the site were made for 
each interval. Honeybees were placed into two categories: those seen foraging at 
plants (hereafter termed "foragers") within the 10 m x 10 m quadrat and those seen 
within the 10 m x 10 m quadrat but not actively foraging at plants (hereafter termed 
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"transients"). A survey of the site was made during the first two minutes of each 15 
minute interval. The number of honeybees seen, the plant species being utilised and 
the number of plants of each utilised species, were recorded for each time interval. 
Those honeybees that were known to have arrived and departed during the concluding 
time interval, were added prior to the next count. 
Honeybee visits to the monitored plants within the smaller quadrat were 
recorded in the same manner. Bees were (to have been) removed from the inner 
quadrat of the treatment sites by means of a sweep net and a pooter. Aspiration by 
means of a pooter, an instrument which involves the sampler sucking through a tube 
and drawing invertebrates into a collection jar, is effected with the minimum of 
disturbance (Bailey, 1994). Two large pooters were constructed from 500 mL conical 
jars. Air was inhaled through a clear plastic tube ( 10 mm diameter) attached to a 
moulded glass spur at the side of the jar. A small piece of cotton gauze was first 
wrapped around the glass spur in order to avoid inhaling the bees. A 10 mm hole was 
drilled in the rubber bung that fits into the neck of the jar and another length of tube 
was inserted through the bung into the jar. Honeybees were drawn into the jar 
through this tube. A metre of tube enabled effective, arms-length removal of 
honeybees by aspiration. 
2.6.4 Other Invertebrate Information 
The number of invertebrates visiting the flowers of the monitored L. 
polymorphus plants was recorded for each of the 15 minute intervals. Plants were 
monitored for the entire period except the two minutes that were allocated to honeybee 
recording. The numbers of the individual L. polymorphus plants that were flowering 
within the inner quadrat were noted as well as the total number visited by potential 
pollinators. Qualitative notes on the types of pollinators visiting the plants were made. 
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2.6.5 Temporal and Environmental Information 
All sampling occurred between 0930 hrs and 1600 hrs and was preferentially 
undertaken between 1000 hrs and 1530 hrs. All sampling days were fine or lightly 
overcast and essentially rain-free. Two brief showers were experienced on August 
21. In this instance sampling was suspended for the duration of the showers and 
resumed shortly after they passed. 
The air temperature around the largest of the monitored plants was recorded at 
the start of sampling session, after half an hour, after an hour and at the end of the 
session. The four readings were used to calculate a mean temperature for each 
sampling session. The thermometer was placed close to, but not touching any of the 
target plants, and like the target plants, it was shaded only by cloud cover or 
surrounding trees and tall shrubs. 
Wind speeds were recorded on a hand held anemometer at the same time that 
temperature readings were taken. The instrument was held at arms length and eye 
level two metres from the inner quadrat. The maximum wind speed during a two 
minute period was recorded. The target plants were monitored for invertebrate visits 
during this time. In the same manner as temperature, the four wind speed readings 
were used to calculate a mean value for each sampling session. Only one anemometer 
was available, and therefore, in the instance of concurrent sampling, readings from the 
site sampled by the author are used for both sessions (raw data in Appendix 2). 
2.6.6 Floristic Information 
During each sampling session all plant species (from the floristic data set, see 
Appendix lA) that were flowering were noted as well as the number of flowering L. 
polymorphus plants. All inner quadrats were photographed at least once during the 
sampling period. 
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2. 7 Locating Hives 
Several searches were made for feral honeybee hives during the study and the 
known apicultural sites (Figure 2.1) were checked for the presence of hives on a 
number of occasions. Cotton and various tags were attached to anaesthetised bees in 
order to track them to hives. None of these methods resulted in the location of any 
hives and no hives were seen at any registered sites. No feral hives were encountered 
incidentally during the study. 
2.8 Invertebrate Assemblages 
2.8.1 Experimental Design 
The invertebrate assemblages of L. polymorphus were determined in order to 
assess the temporal changes in invertebrates, due predominantly to the plants 
flowering, and to assess the types of invertebrate that are likely to be potential 
pollinators. 
Two sets (one pre-flowering and one flowering) of samples were made for each 
of the five replicate groups. Each set of samples contained three L. polymorphus 
plants, one taken from adjacent to each site. The two sets of samples allowed a 
comparison of the changes in the invertebrate assemblages that occurred in each of the 
replicate groups, and also presented an overall picture of the changes in the study area 
as a whole. Although comparisons of the invertebrate assemblages of both sets of 
samples were made between replicate groups, it had been intended to exactly replicate 
the number of sites and take at least three samples from each site. This would have 
allowed a comparison of not only the replicate groups and the study area as a whole 
but also of each individual site. However, it would have meant processing and sorting 
ninety clipped samples. The number of invertebrates involved and the time needed to 
sort and classify each sample (given other field work commitments) meant that only 
one pre-flowering and one flowering sample from each site were possible. 
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Ten pre-flowering samples were taken on July 10 and five on July 24. A 
complementary set was taken during peak flowering on August 16. In each case, one 
branchlet, between 30 and 40 cm long, was removed from a L. polymorphus plant 
within 15 metres of each site. For the purpose of statistical analysis, the pre-flowering 
and flowering samples from each site were treated as matched pairs. 
2.8.2 Technig,ue 
Branchlet clipping involved the selected stem being enclosed within a 60 x 40 
cm clear plastic bag before removal from the plant. After they were clipped and well 
within the bag, each sample was sprayed with a water-based, natural pyrethrin 
insecticide (0.25 g/kg Pyrethrins; 1 g/kg Piperonyl Butoxide). The temperature at the 
time of sampling was recorded for all samples on both occasions. 
Pyrethrin knockdown methods were also tested but collecting insects upon 
ground sheeting proved less satisfactory. Most of the invertebrates were not readily 
visible with the naked eye and this meant that collection on sheeting was potentially 
less comprehensive. Retaining knockdowns in white trays was also tested but this 
attracted mobile insects from other plants. It is possible that less common 
invertebrates and more mobile animals are unrepresented in bagged and clipped 
samples (Majer & Recher, 1988) but the technique was preferred in this instance. 
Clipped samples were taken to the laboratory for sorting. Each sample was 
rinsed a number of times with 70% alcohol solution (Southwood, 1992) while still in 
the bag, in order to ensure the greatest possible chance of removing all animals. The 
plant material was then removed after vigorous shaking, dried for 24 hrs at 85° C and 
weighed. The sides of the plastic bags that had contained the plant material were 
further rinsed with the alcohol solution. The contents of the bags were drained into a 
glass storage jar. The bags were then split open and the inside combed with a fine-
haired brush in order to remove any remaining invertebrates. All plant material was 
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processed within 24 hrs of clipping. The jars were then stored and sorted at a 
convenient time. 
Sorting involved a series of steps. Initially, once the solution had settled, a 
majority of the alcohol was pipetted from the jar. The remaining invertebrate 
collection was then transferred into a petri dish where the larger specimens were 
removed under a dissecting microscope. The rest of the collection was pipetted from 
the petri dish into a series of Bogarov trays. This enabled a systematic search and the 
removal of all the invertebrates. Species were sorted and identified to order and 
morpho-species level using Harvey and Yen (1989). A data matrix was compiled and 
the absolute numbers of each of the 44 morpho-species identified, were recorded for 
each of the 30 samples. 
2.9 Pollination Success 
In order to evaluate the importance of pollinators to the seed production of L. 
polymorphus a controlled trial was run concurrently with the field experiments. 
Thirty-two L. polymorphus plants were removed from Yanchep National Park on May 
15 following substantial rainfall on the previous day. The plants were potted directly 
into 8 inch pots and relocated at the university complex. Seven of these died prior to 
the trial (conveniently leaving 25, which is exactly how many were needed for the 
trial). 
2.9.1 Isolation Trial 
The trail was set up on July 3, in good time before the plants flowered. In order 
to exclude all crawling and walking invertebrates all of the 25 potted plants used in the 
trial were placed on plastic trays filled with white metal and water. The five healthiest 
plants were placed on five trays each containing a single plant. These, along with five 
trays containing paired plants, were enclosed within netted frames in order to exclude 
all airborne pollinators. A further ten plants, which acted as controls, remained with 
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two in each of five trays and were left unnetted. 
The frames were identical to those used in the field experiment (see Section 
2.2.1.1) except that they were 0.6 m x 0.4 m instead of 1.2 m x 1.2 m. Standard 
insect screening (mesh size 2 mm) was used for the top and sides of these frames and 
additional white metal was placed around the bottom of the frames to ensure that there 
were no gaps between the ground and the net. 
2.9.2 Collection and Analysis of Plant Material 
A whole, or section of, a flowering monitored L. polymorphus plant was 
removed from the inner quadrat of the field sites and the isolated trays at the university 
on September 28. At field sites where there was more than one monitored plant 
flowering, the most prominent flowering plant was removed. In some field sites and 
isolated trays, where poor flowering was evident, sections of two plants were taken. 
The 15 field samples and 15 isolated samples were then frozen until the analysis of 
developing seed was conducted on October 16 and 17. 
Plant material from each of the field sites and isolation trays was examined for 
developing fruit. The developing fruit of L . polymorphus was a small (2-3 mm), 
shortly cylindrical, and slightly turbinate, drupe. The style remained attached at the 
drupe's broad end, and swelling of the developing fruit caused the corolla to become 
detached. Preliminary examination found that the number of developing seeds could 
be successfully determined when fruit had developed to a stage where the end of the 
drupe extended beyond the sepals. At this stage the drupe was sufficiently firm 
enough to permit a clean transverse section through the ovary. 
Fruit which had developed sufficiently for examination was removed from each 
of the 30 samples of plant material under a dissecting microscope. Plant material with 
little or no developing fruit visible was rigorously and systematically searched. A 
representative sample was taken from plant material with abundant developing fruit. A 
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transverse section was made through each of the developing fruit close to the 
attachment of the style and the number of developing seeds were counted. Each ovary 
was 5-celled and a developing seed was clearly identified by a white swelling 
(assumed to be a fertilised ovule) within an ovary cell. In more mature fruits, 
developing seeds were much firmer and what was thought to be a developing embryo 
could be seen. However, seeds were too small and immature to permit a test of 
embryo viability. 
The number of developing seeds was counted for each fruit from each section of 
plant material. In some of the more mature fruit, some cells contained withered white 
material. These were assumed to be aborted seeds. Because all the developing fruits 
were of a different age, and some had presumably not reached a stage where seed 
abortion might occur, these were counted as developing seeds. 
2.10 Data Analysis 
A large number of statistical tests was used in evaluating the data from this 
study. It is necessary and beneficial to outline both the assumptions about, and 
manipulations of, the data, and the reasons why specific tests were chosen. This 
makes for a clearer and concise presentation of results. With the exception of one x2 
test which was hand calculated, all the statistical tests were carried out on the SPSS 
computer package. 
2.10.1 Comparisons Between Replicate Groups 
Comparison between the five replicate groups was made in order to test for 
(inter alia) homogeneity in the number of L. polymorphus plants, the number of 
honeybees, the number of other invertebrates observed at the flowers of L. 
polymorphus and the number of developing seeds of L. polymorphus. A test for 
homogeneity of selected variables first assumed that the study area itself was 
homogeneous in its floristic characteristics. As there are only three sites within each 
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replicate group, all comparisons of data grouped in this manner are undertaken by 
non-parametric methods. Median values were compared using a Kruskal-Wallis 1-
way analysis of variance. All results are corrected for ties, and x,2 values, degrees of 
freedom (d.f.) and exact significance values (P) are given. 
2.10.2 Comparisons Between Treatments 
Comparisons between treatments were made in order to test for homogeneity in 
the number of developing seeds of the L. polymorphus plants removed from the field. 
In contrast to the tests for differences between replicate groups there were three 
treatments and five samples (sites) within each treatment. In order to be consistent in 
the application of statistical tests, and due to the variability of the data, a Kruskal-
W allis 1-way analysis of variance was used. 
2.10.3 Comparisons Between Samplin~ Phases 
In order to test for temporal patterns within the data, the number of honey bees, 
the number of invertebrate visits to the monitored L. polymorphus plants, the mean 
temperature and the mean wind speed for each session were tested for homogeneity 
between sampling phases. There were five different sampling phases with fifteen (one 
for each site) values within each phase. A Kruskal-Wallis test was used because much 
of the data involved counts or proportions and nearly all the data sets had unequal 
variances. 
2.10.4 Comparisons Between Sites 
A number of comparisons, based on aspects of the floristic data were made 
between two groups of sites defined by the first TWINSPAN division. In this 
instance one of these groups had six sites, and the other nine. In accordance with a 
small sample size, a Mann-Whitney U test (2-tailed) was used to compare median 
values and U statistics (small samples) and exact P values are given (Siegel & 
Castellan, 1988). It should also be noted that, in a Mann-Whitney U test, unlike most 
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other statistical tests, a higher U value means a less significant result. 
2.10.5 Comparisons of Invertebrate Assembla~es 
The frequencies of different invertebrates groups from branch-clipped samples, 
both before and during flowering, were compared by a x2 analysis of a row x column 
contingency table. A comparison of the differences in the number of invertebrates 
within each order between pre-flowering and flowering samples was conducted using 
the Wilcoxon matched-pairs, signed-ranks test. 
A test for differences between the pre-flowering and flowering samples was 
carried out for: ( 1) temperature at the time of sampling and (2) for the weight of the 
branch clip samples. A parametric t-test for matched pairs was used. However, a test 
for homogeneity of temperature at the time of sampling, and the weight of the 
individual samples, between replicate groups was carried out by a Kruskal-W allis test 
(see Section 2.10.1) because of a small sample size and an inequality of variances. 
2.10.6 Correlation 
Once again, due to the high variability of the data and predominance of count 
and proportional data, non-parametric Spearman rank correlations (rs) were used 
throughout. A coefficient rs, n values and an exact P value are stated. Correlations 
were made using a range of data for each of the sites (n=15) and for environmental, 
honeybee and native invertebrate data for each of the each sampling session sampling 
at each site (n=75). 
2.10. 7 Classification 
2.10.7.1 Two-way Indicator Species Analysis 
Two-way indicator species analysis (TWINSP AN) was carried out on the 
floristic and faunal assemblage data sets. For the floristic data, cut levels were 0, 1, 2, 
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3, 4, 5 & 6. Therefore, each of the six Braun-Blanquet cover values, and the absence 
of a species, represented a separate pseudo-species. Bare earth and leaf litter were 
included in the analysis and their cover values were also treated as separate pseudo-
species. This created a total of 44 species and 130 pseudo-species. The plant species 
included in the analysis are given in Appendix lA. 
Invertebrate data from the fifteen pre-flowering and fifteen flowering samples 
were organised into their 5 replicate groups. Cut levels were set at 0, 2, 5, 10 & 20 
(the default levels) and this created a total of 44 invertebrate morpho-species and 91 
pseudo-species. 
In both analyses, no omissions were made from the data set and no weighting 
was given to any site, species, or morpho-species. The maximum group size for 
division was three, equal indicator potentials for cut levels were used, and all species 
and pseudo-species were included as potential indicators. Sites (floristics) and 
replicate groups (faunal assemblages) were both classified to a maximum of 3 levels of 
division. 
2.10.7.2 UPGMA 
An agglomerative hierarchical fusion (FUSE) flexible unweighted pair group 
arithmetical averaging (UPGMA) classification was carried out on the floristic and 
faunal assemblage data. Untransformed data were associated by the Bray-Curtis 
similarity coefficient for continuous data. 
2.10.8 Ordination 
The five pre-flowering and five flowering replicate groups were ordinated on the 
basis of their faunal assemblages using semi-strong hybrid (SSH) multi-dimensional 
scaling (MDS) (Belbin, 1994). Untransformed data were associated by the Bray-
Curtis similarity coefficient for continuous data. Two dimensions were considered 
suitable for ordination because the stress level (0.13) was within acceptable limits. 
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(Clarke (1993) suggests that stress levels < 0.2 create a useable picture). Strong 
clustering was not evident and so there was little benefit to be gained by adding extra 
dimensions. Association, classification and ordination were performed by the PATN 
software package (Belbin, 1994). 
2.11 Summary of Key Terms 
Table 2.2 sets out the key terms used in describing the methods and 
experimental design, and can serve as a reference point when interpreting the results. 
Table 2.2 
Summary of key terms. 
TERM 
Study Area 
Site 
Replicate Group 
Treatment 
Monitored plants 
Sampling Phase 
Sampling Session 
Sampling Interval 1 
Sampling Interval 2 
Isolated Plants 
DEFINITION 
A 570 m x 480 m plot of Banksia woodland with homogeneous 
floristic characteristics. 
One of 15 randomly located 10 m x 10 m quadrats each 
containing a central quadrat of 1.2 m x 1.2 m. 
One of five geographically derived groups of three sites. Each 
site within each replicate group was randomly allocated a 
different treatment. 
One of three netting and honeybee removal (or non-removal) 
practises (A, B & C) assigned to the monitored plants of one site 
within a replicate group. 
One or more Leucopogon polymorphus plants within the 1.2 m x 
1.2 m quadrat at a site. 
A period of time during which each site was sampled once in a 
random order. There are 15 sampling sessions within each 
phase. 
A 90 minute period during which honeybee activity at all plants 
within a site, and invertebrate activity at the monitored plants 
within a site, were recorded. A sampling session is divided into 
discrete sampling intervals. 
One of four discrete time intervals (0-30, 30-60, 60-90 & 90+ 
minutes) within each sampling session. At the start of each 
interval temperature and wind speed readings were taken. 
One of six discrete intervals (0-15, 15-30, 30-45, 45-60, 60-75 
& 75-90 minutes) within each sampling session in which 
honeybee activity was recorded. 
A series of Leucopogon polymorphus plants removed from the 
field and permanently netted within the university campus in 
order to test for intrafloral, self pollination in the absence of 
visiting pollinators. 
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CHAPTER 3 
RESULTS 
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3. RESULTS 
3.1 Rationale 
Table 3 .1 presents a summary of some of the data collected for each site. Details 
of the floristic information are given in Appendices IA, lB & IC. The heights of all 
the monitored flowering Leucopogon polymorphus plants are given in Appendix 2, 
together with a breakdown of the sampling variables such as time, date, temperature 
etc. Raw data for all invertebrate information recorded in the 75 sampling sessions is 
presented in Appendix 3. 
Table 3.1 also illustrates the manner and the order in which the results are 
presented. Details of the floristic sampling will be presented first. Honeybee 
utilisation depends upon plants, so a description of the flowering plant species will be 
immediately followed by an analysis of the results of honeybee observations (Section 
3 .3 .1 ). A description and analysis of the invertebrate visits to the monitored plants 
follows that of honeybees (Section 3.3.2). The elements common to both honeybee 
and other invertebrate activity are then highlighted (Section 3.3.3). 
The invertebrate and environmental data for each of the 5 sampling phases are 
then examined to determine what temporal differences and trends, if any, are evident 
(Section 3.4). A similar approach is then applied to determine the degree of 
homogeneity of elements of both the floristic data and invertebrate data between the 
five replicate groups (Section 3.5). An understanding of the degree of homogeneity 
within the five replicate groups then allows for presentation of the results of the branch 
clipping samples (Section 3.6). 
The invertebrate assemblages determined by branch clipping are presented, 
classified and ordinated based upon replicate groups rather than each of the 15 
individual sites. Details of this approach are given in Section 2.8 (methods) and 
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Section 3.6. Raw data for the branch clipped samples is presented in Appendix 4. 
Finally, in the light of the results from all the other data, the results for pollination 
success, measured by the number of developing seeds, are given in Section 3.7. 
Detailed captions are provided for figures and, although in some instances they 
duplicate information given in the text, they enable a summary of the results to be 
obtained by reference to the figures alone. 
3.2 Floristic Results 
3.2.1 TWINSPAN Classification 
Classification of the floristic data by two-way indicator species analysis 
(TWINSPAN) resulted in eight end groups. The TWINSPAN classification is 
illustrated by Figure 3.1. Table 3.2 presents the two-way information generated by 
the classification. The first TWINSPAN division classification split replicate groups 
1, 2 & 3 from 4 & 5. This division is echoed both geographically (see Figure 2.2) 
and by the numbers of L. polymorphus. There was a highly significant difference 
between the density of L. polymorphus in replicate groups 1, 2 & 3 and replicate 
groups 4 & 5 (Mann-Whitney test, U=4.0, P=0.0048). In addition, the number of 
flowering L. polymorphus differed significantly between these two super groups 
(Mann-Whitney test, U=6.0, P=0.0120). 
The median species richness (refer to methods and Appendix 1 for definition of 
species richness in this context) values for the sites on opposing sides of the first 
TWINSPAN division differed highly significantly (Mann-Whitney, U=5.5, 
P=0.0076). 
Indicator species are given as notes to Figure 3.1. None of the three indicator 
species for the first division were used by honeybees during the invertebrate sampling 
period. However, one of the two epacrids, Andersonia lehmanniana, which was 
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FIGURE 3.1. Dendrogram of TWINSPAN classification of floristic data for the 15 sites. The 
number of each division and the number of sites and species (in parentheses) remaining following 
each division are given. Indicator species are listed below. 
Indicator species <and their % cover cate~ories*) for each division. 
Division 
1 
2 
3 
4 
6 
7 
Nei:ative Indicator Species. 
Andersonia lehmanniana (2) 
Conostephium pendulum (2) 
Oxylobium capitatum (2) 
Calytrix angulata (2) 
Leptospermum spinescens (2) 
Hibbertia heuglii (2) 
* see Table 2.1 (modified values) 
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Positive Indicator Species 
Xanthorrhoea preissii (3) 
Hakea trifarcata (2) 
Hibbertia hypericoides (5) 
TABLE 3.2. 
Two-way TWINSPAN output table for floristic data from the 15 sites. Modified cover categories are 
given in Table 2.1. Genera and species names are abbreviated to the first four letters. Full names and 
additional detail relating to the data set is given in Appendix 1. 
ORDER OF SAMPLES 
13 SA ! 15 SC ! 10 4A ! 14 SB ! 11 4B 
12 4C ! 5 2B ! 6 2C ! 7 3A ! 8 3B 
9 3C ! 4 2A ! 1 lA ! 2 lB ! 3 1c 
111111 
350412567894123 
29 DRYA SESS -----2--------- 1111 
38 STIR LATI -2-2----------- 1110 
37 PETR SERR -2------------- 1110 
18 CALY ANGU 22------------- 1110 
10 LYSI CILI 222--2--------- 1110 
4 CALE CYAN 2-------------- 1110 
24 HOVE PUNG 22-2-------2--- 110 
32 HAKE RUSC 322232------2-2 1011 
7 ANDE LEHM 222222--2-2---- 1011 
35 PETR LINE -222-22-------- 1010 
34 PERS COMA -223------2-2-- 1010 
8 CONO PEND 233222-2-2----- 1010 
25 OXYL CAPI 2222--22-2----- 100 
1 LAXM SESS 222----2--2---- 100 
19 EUCA TODT -----3-----2--- 0111 
16 ACAC SPHA 222--3--2-222-- 0111 
20 LEPT SPIN 2-222-22----2-2 0110 
6 HIBB HUEG 22222222-22-22- 0110 
43 BARE GRND 443443443444444 0101 
39 CRYT PUNG 222-22222---222 0101 
36 PETR MACR 443332233223332 0101 
30 HAKE COST 223332--33323-2 0101 
27 BANK MENZ 44342242343-3-5 0101 
26 BANK ATTE 443344444444432 0101 
21 GOMP ARIS 22222222232222- 0101 
12 CONO TERE 222222222222222 0101 
11 CONO ACUL 2222222-22-2222 0101 
9 LEUC POLY 332333223322223 0101 
3 MESO STYG 433322333233333 0101 
2 ALLO HUMI 443424524434-32 0101 
44 LEAF LITT 444455554444555 0100 
40 XANT PREI 224222333333333 0100 
17 CALO SANG 444444335445455 0100 
15 ACAC PULC -3222222232322- 0100 
5 HIBB HYPE 344445464444556 0100 
41 MACR REID --3--2-22-22--- 001 
14 NUYT FLOR 3--2--233-22-2- 001 
42 UNID SPEC ------22---2332 0001 
' 
33 HAKE TRIF --------3---332 0001 
28 DRYA NIVE -------------3- 0001 
13 PATE OCCI ------2--2-2--3 0001 
31 HAKE PROS -------3------- 0000 
23 HOVE TRIS ---------2----- 0000 
22 HARD COMP ---------2----- 0000 
000000111111111 
000011000000111 
0011 001111001 
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found predominantly in the more species rich sites and in neither replicate group 1 or 
2, was used as a pollen resource by honeybees during June when the floristic 
sampling was undertaken. Greater percentage projective cover (1-5 %) of the 
blackboy Xanthorrhoea preissii was a positive indicator in separating replicate groups 
1, 2 & 3. 
The TWINSP AN classification tended to emphasise the geographical proximity 
of the sites and therefore tended to emphasise the replicate groups. Higher number 
sites tended to be on the negative (left) side whilst lower number sites on the right. 
Replicate group 1 is separated from replicate groups 2 & 3 on the basis of the presence 
of Hakea trifurcata, an important source of nectar for honeybees during the study. 
Site 2A is closer geographically to the three replicate group 3 sites, and this is reflected 
in the classification. Acacia sphacelata was present in replicate group 2A and not 2B 
and 2C. Similarly, the indicator species Leptospermum spinescens, which was absent 
in all replicate group 3 sites, was present in sites 2B and 2C. This suggested a 
similarity between sites 2B and 2C and the more species-rich replicate groups 4 & 5. 
Sites 4B and 4C were separated from the other replicate group 4 & 5 sites on the 
basis of the absence of Oxylobium capitatum. This species was present throughout 
the study area and this was probably a random absence because 0. capitatum was 
within 20 metres of both sites. Site 4A, prior to the fourth division, was grouped with 
sites 5A, 5B & 5C. These four sites had the highest species richness of all fifteen 
sites and Sites 5A & 5C, which are separated from sites 4A & 5B (indicator species 
Calytrix angulata) were the most species-rich of all. 
3.2.2 UPGMA Classification 
Figure 3.2 shows the UPGMA dendrogram of the same data. It highlights the 
difference between site 1 C and the other sites. Site 1 C had the highest percentage 
cover for leaf litter (33%) (Table 3.1) and the highest cover value for the tree Banksia 
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FIGURE 3.2. Dendrogram of UPGMA classification of the floristic data for the 15 sites. Data 
was associated in a Bray-Curtis similarity matrix for continuous data. The scale shows the degree of 
similarity/dissimilarity between sites on an absolute scale of 0-1. 
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menziesii (26-50%) (Table 3.2), and for the shrub Hibbertia hypericoides (51-75%) 
(the highest cover value for any species at any site). Figure 3.2 also shows that sites 
IA & lB were the most similar of any sites. 
Although the replicate group 5 sites are relatively similar, the UPGMA 
classification does not generally show the same pattern of micro-geographical 
grouping as the TWINSPAN classification. Nevertheless, sites 2A & 3A are 
floristically similar and also relatively near each other, as are 4B & 4C. The scale in 
Figure 3.2 shows that the maximum dissimilarity is 0.2060. With a value of 0 
representing absolute similarity and 1 absolute dissimilarity it was assumed that, 
despite some localised differences, the study area was relatively homogenous in its 
floristics. 
3.2.3 Flowering Phenology 
Figure 3.3 shows that the number of flowering species increased during the 
study period. In the last sampling phase replicate group 5, the most species-rich 
replicate group, and the replicate group with most L. polymorphus plants, recorded 
the highest cumulative cover value for flowering species (see Figure 3.3). Thirteen 
flowering species were present at the 3 sites in replicate group 5. Replicate group 2 
showed the lowest cumulative cover values when in phase 1, only 6 species were 
flowering at its 3 sites. This eventually increased to 8 species when Allocasuarina 
humilis and Hovea pungens flowered and Banksia menziesii ceased flowering. 
Replicate group 2 also lacked any flowering Acacia sphacelata plants (which 
flowered predominantly in the first sampling phase) and any flowering Hake a costata 
plants (which flowered only in the fifth sampling phase). These species were two 
important pollen resources for honeybees. Figure 3.3 shows how these two species 
flowered for a short time only. In addition, some other species also commenced or 
ceased flowering during the study. B. menziesii flowered in replicate groups 
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FIGURE 3.3. Histogram showing the plant species flowering in each sampling phase. The 
Braun-Blanquet cover values of the plant species that were flowering within each sampling phase are 
plotted for each replicate group. The replicate group value is derived from the sum of its three sites*. 
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•Acacia D Acacia • Allocasuarina t21 Andersonia 
pulchella sphacelata humilis lehmanniana 
II Banksia II Calothamnus 8 Conostephium Ill Cryptandra 
menziesii sanguineus pendulum pungens 
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FIGURE 3.3. Legend 
* Each time a site was sampled the species that were flowering were noted. For each site, and for 
each sampling session within each sampling phase, the flowering species were assigned their 
appropriate cover value (see Table 3.2 two-way TWINSPAN output table for values for each species 
at each site). The cover values for each flowering species in each phase were summed according to 
replicate group. These summed values were plotted cumulatively and alphabetically for each group 
and sampling phase. For example, Hibbertia hypericoides was flowering at sites lA, 1B & lC 
during the first sampling phase and its cover values were 4, 4 & 5 respectively (original not modified 
scale). Therefore its value for replicate group 1 during phase 1 is thirteen. It was the fifth species 
plotted on Figure 3.3 for replicate group 1, during phase 1, and is represented between the values 20 
& 33. In the case of B. menziesii only the cover value for each single flowering tree within each site 
is plotted. Identical shading patterns are used for the species when plotted in subsequent figures. 
Note: The actual, and not the modified, Braun-Blanquet cover values (Table 2.1) are plotted. 
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1, 2 & 3, but by the end of the sampling period, it was not flowering at any site. 
Displaying flowering phenology in this manner gives a temporal perspective of 
the potential floral resources available to pollinators. It does not, however, attempt to 
quantify the amount of the resource available. Clearly, cover values are a poor 
surrogate measure for the number of flowers or for the amount of pollen and nectar 
that they contain. For example, the one B. menziesii inflorescence recorded at Site 1 C 
is represented by a larger block within the histogram than one profusely flowering A. 
sphacelata shrub at site lA. Cumulative cover values for each group were plotted 
because they allowed a comparison of the flowering of a single species in one replicate 
group relative to the other replicate groups, and because larger blocks suggest that 
species were present at more than one of the sites within each replicate group. 
3.3 Invertebrate Sampling Results 
3.3.1 Honeybees 
3.3.1.1 Honeybee utilisation of plants for nectar 
Figure 3.4 shows the number of honeybees and the plant species they used at all 
sites during each sampling phase. Hakea trifurcata dominated in terms of the number 
of bees seen at any one plant species. Four such plants, two at site lB and 2 at lA, 
were used by honeybees as a nectar source. Sampling phase 2 recorded the most 
honeybees, primarily because 57 discrete honeybee observations of were made during 
the 90 minute sampling period at site lB. H. trifurcata plants were also recorded for 
sites lC and 3A. However, these were small plants with only a few flowers and 
received no recorded honeybee visits. The four plants at site lA and lB were around 
2 metres tall (see Appendix lA). H. trifurcata was the primary recorded nectar source 
in all sampling phases. In addition, some incidental collection of pollen from this 
species may have occurred. Nectar foraging bees were observed removing pollen 
from their bodies and transferring it to pollen baskets (corbicula) on the hind tibiae. 
63 
:I 
.;II ,h.· ,, 
It, 
Ii 
;11' 
65 
60 
55 
50 
45 
40 
1/) 
Cl) 
Cl) 
~35 Cl) 
C: 
0 
.c: 
o 30 
~ 
Cl) 
.0 
E 
~ 25 
20 
15 
10 
5 
0 
2 3 4 5 
Sampling phase 
~ Leucopogon 
polymorphus (p) 
~ Hovea pungens 
El Hakea trifurcata 
Fil Hake a cos ta ta (p) 
D Calothamnus 
sanguineus 
• Allocasuarina 
humilis (p) 
D Acacia sphacelata 
(p) 
• Acacia pulchella (p) 
FIGURE 3.4. Histogram showing the number of foraging honeybees recorded for all sites during 
each sampling phase. Bees were counted at six equally-spaced and discrete 15 minute sampling 
intervals during each 90 minute sampling session. Each of the 15 sites was sampled once in each 
phase. The graph also shows the number of bees that used each plant species. Those plants that 
were observed being used only for pollen are indicated by (p ). Shading allocated to species copies the 
legend given Figure 3.3. Raw data are in Appendix 3. 
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One other plant species ( Calothamnus sanguineus) was observed being used as a 
source of nectar. One honeybee was observed foraging at 3 plants at site 3B in the 
first sampling phase. Hovea pungens was visited briefly by honeybees (site 5C only) 
in the fourth sampling phase but it could not be determined if any foraging activity was 
taking place. 
3.3.1.2 Honeybee utilisation of plants for pollen 
Five species were used by honeybees as a pollen resource and a temporal pattern 
is apparent. Acacia sphacelata was used at site 5C in the first sampling phase and 
again at site lB in the second phase, during which it ceased flowering. 
In the final phase Hakea costata commenced flowering. This species was used 
at four sites (lA, 4B, 5A & 5B). It was also flowering at sites 3A & 4A but was not 
used during the sessions in which these sites were sampled. 
Pollen was collected from Allocasuarina humilis in the first, second and fourth 
sampling phases. It was a common plant present at all sites except site lA. Although 
it may be considered an abundant species it should be noted that it has separate male 
and female plants. Pollen release was observed to be a gradual process and, being a 
wind pollinated plant (Wills et al., 1990), pollen was readily displaced. Honeybee 
utilisation of A. humilis was greatest in the first sampling phase when 6 bees were 
recorded for one plant at site 3C and four bees for one plant at site 4A. The other two 
occasions when bees were observed using this plant were both at site 5C. 
L. polymorphus, was used in sampling phases 2, 3 & 4. In phase two, two bee 
counts were made at site lB. Only one large plant was used during this sampling 
session and it was within the monitored quadrat. The degree of utilisation of this plant 
is illustrated by the fact that the same bee remained at, or returned to, the monitored 
plant for two time periods (a period >15 minutes). In phase three, one honeybee was 
also recorded at site 2C using a single large L. polymorphus plant (not one of the 
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monitored plants). Also during phase three, one honeybee was recorded at site 5B 
where three plants were used (it may have been more than this because the honeybee 
was already foraging at the site at the start of sampling period). In phase four, five 
plants were used at site 4B. Three of these were monitored plants. 
No honeybees foraged upon the monitored plants within the inner quadrats at the 
treatment sites. Therefore, no honeybees were removed and so no comparison 
between netted treatment sites (C) and netted control sites (B), and unnetted control 
sites (A) can be made with respect to the effect of the presence or absence of 
honeybees upon the other pollinators. Furthermore, honeybees were seen using L. 
polymorphus at only one site from each replicate group, except replicate group 3, 
where no incidence of honeybee use of L. polymorphus were observed during any of 
the sampling sessions. 
3.3.1.3 The number of plants used 
Figure 3.5 shows honeybee utilisation based on the number of plants of each 
species used. It highlights the importance of H. costata as a source of pollen in the 
final sampling phase. Also evident is an increase in the use of L. polymorphus up 
until the final sampling phase where H. costata (pollen) and H. trifurcata (nectar) were 
the only two species used. 
H. trifurcata which was dominant in terms of the number of bees recorded was 
less dominant in terms of the number of plants; the number of plants used was greatest 
in sampling phase 3. The number of H. trifurcata plants used by honeybees doubled 
from the first to second, and from the second to third, sampling phases and then 
halved from the third to the fourth, and fourth to fifth, phases. 
3.3.1.4 Relationships between honeybees and other data 
A series of Spearman rank correlations was undertaken to determine what 
relationships existed between the numbers of honeybees and elements of the floristic 
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FIGURE 3.5. Histogram showing the number of individual plants, of all the utilised species, that 
were used by foraging honeybees at all sites during the five sampling phases. The numbers of plants 
being utilised by honeybees were counted at six equally spaced and discrete 15 minute sampling 
intervals during each 90 minute sampling session. The same plant can be represented in more than 
one phase. Species that were used only for pollen are marked (p ). Raw data are in Appendix 3 and 
shading is the same as Figure 3.3 & 3.4. 
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data, environmental data, other invertebrate data and the L. polymorphus data. The 
results which were considered important, whether they were significant or not, are 
outlined in the following section. The most relevant or significant of these are also 
illustrated graphically. The same rationale is applied to Section 3.3.2 and Section 
3.3.3. 
Each site was sampled 5 times, once in each phase and the number of foraging 
honeybees recorded at sites varied considerably between the sites (n=l5, mean=l0.13 
s.d.=24.56). In order to assess the effect of sampling variables upon the numbers of 
honeybees ( and the number of invertebrate visits) a proportional value has been used. 
The use of a proportional value eliminates the effect of one site having recorded many 
more honeybees than another. For example, if ten invertebrates were seen at one site, 
on one sampling session, and these were the only ten seen during all the sampling 
phases, it would be more significant than seeing ten at a site which recorded a total of 
a hundred visits. A rank correlation of absolute data would treat them equally. 
Proportional values for invertebrates and honeybees were obtained by dividing the 
number recorded for each sampling session by the total number recorded on all five 
sampling sessions for that site. 
Over the 75 sampling sessions both the proportion of foraging honeybees 
(rs=0.2882, n=75, P=0.012) (Figure 3.6) and the proportion of the total number 
(foragers and transients) of honeybees seen at each site (rs=0.2318, n=75, P=0.045) 
were significantly correlated with the mean temperature recorded. 
The proportion of the total number of honeybees (for each site) recorded during 
each sampling session was highly significantly negatively correlated with the mean 
wind speed for the sampling session (rs=-0.3416, n=75, P=0.003) (Figure 3.7). 
However, the proportion of foraging bees was not significantly correlated with the 
mean wind speed (rs=-0.0982, n=75, P=0.402). 
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The number of foraging honeybees recorded during all 5 sampling sessions was 
highly significantly correlated with the percentage cover of bare earth at each site 
(r5=0.7041, n=15, P=0.003). 
What appears to be a recurring theme is illustrated by the fact that the number of 
individual plants used by honeybees was also highly significantly correlated with the 
percentage cover of bare earth at each site (r5=0.6842, n=15, P=0.005) (Figure 3.8). 
Likewise, the number of plant species used by honeybees was also highly 
significantly correlated with the percentage cover of bare earth (r5=0.7363, n=15, 
P=0.002) (Data are given in Table 3.1). This trend is one that is revisited in 
subsequent sections. 
3.3.2 Invertebrate Visits to Monitored Plants 
Figure 3.9 shows that the proportion of recorded invertebrate visits to the 
monitored L. polymorphus plants increased during the sampling phases. A range of 
insects (dipterans, lepidopterans, hymenopterans and one orthopteran) was noted. 
Individual taxa were not recorded for three reasons: ( 1) the difficulty in making 
reliable identification during the length of time that invertebrates were present at the 
flowers (many species were too small to identify); (2) the use of more than one 
sampler could easily lead to differences in data being due to differences in the 
familiarity of each sampler with the taxa; and, (3) too much movement by the sampler, 
and getting too close to the monitored plants almost certainly affected the number of 
invertebrates counted. Indeed, one species of hoverfly (Diptera: Bombyliidae) was 
particularly "sampler shy". 
Qualitative notes taken by all samplers suggest that in the early stages dipterans 
were the most common visitors. Two, or maybe three species, of native bees 
(Hymenoptera) were seen regularly and consistently, after the initial sampling phase, 
at those sites where more invertebrates were seen. One species of wasp 
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FIGURE 3.8. Scatter plot showing the relationship between the number of individual plants, of 
all the utilised species and the percentage cover for bare earth.(r8=0.6842, n=l5, P=0.005). 
o.s T • 
• 1/) 0.8 
Q) 
~ 0.7 
.0 • Q) 0.6 t:: 
Q) • > 0.5 • • 
-~ 
• 
-
• 0 0.4 • • .~ C: •• • 0 0.3 • • ! • 
,. 
:e 
0 • • 
' §- 0.2 
... • • • 
a.. 0.1 •. ,. ; . • I • ,. .. • . • 0 •.• -+. • . • +- .. 
• • ; '·--•,,,..... •--•-,--• ·--, 
"S C> C> C> C> C> C> C> a. a. 
7 ::::, ::::, ::::, ::::, ::::, ::::, ::::, Q) Q) <( <( <( <( <( <( <!= en en I'- I I I cb I I I I C\I .... co .... .... co .... LO 0 
.... .... C\I C\I (') .... 
Sampling date 
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(Hymenoptera) was seen at site lB and one orthopteran was seen at site 2A. 
Dipterans were constant visitors throughout the sampling phases. In the final 
sampling phase one species of moth (Lepidoptera) was abundant at most sites. 
The proportion of invertebrate visits to the monitored L. polymorphus plants 
(r8=0.411 l, n=75, P=0.000) (Figure 3.10) and the actual numbers of invertebrates 
recorded on each sampling session (r8=0.4283, n=75, P=0.000) (despite a large 
variation between the sites n=15, mean=32.3, s.d.=33.1), were very highly 
significantly correlated with the mean temperature recorded on each sampling session. 
The number of invertebrate visits recorded was significantly correlated with the 
proportion of flowering L. polymorphus plants at each site (r8=0.5211, n=15, 
P=0.046) (Figure 3.11). No significant correlations were found between the number 
of invertebrates and: the total number of L. polymorphus plants at each site 
(r8=0.2154, n=15, P=0.441); the total number of flowering L. polymorphus plants at 
each site (r8=0.3726, n=15, P=0.171); or, the number of monitored L. polymorphus 
plants (r8=0.2359, n=l5, P=0.397). 
The number of (flowering and non-flowering) monitored L. polymorphus plants 
was highly significantly correlated with the total number of L. polymorphus at each 
site (r8=0.6641, n=15, P=0.007). Therefore, the number of monitored plants was a 
good representation of the total number at the site. 
No significant correlations were found between the number of invertebrate visits 
and: the maximum height of the flowering monitored plants (r8=0.2865, n=15, 
P=0.301), the mean height of the flowering monitored plants (r8=0.0054, n=15, 
P=0.985), or the mean height of both flowering and non-flowering monitored plants 
(r8=0.0395, n=15, P=0.889). 
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FIGURE 3.10. Scatter plot showing the relationship between the proportion of invertebrates, 
excluding honeybees, (for each site) that visited to the monitored Leucopogon polymorphus plants 
and the mean temperature on each of the 75 sampling sessions (rs=0.4111, n=75, P=0.000). Raw 
data are in Appendices 2 and 3. 
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FIGURE 3.11. Scatter plot showing the relationship between the number of invertebrates, 
excluding honeybees, that visited the monitored Leucopogon polymorphus plants and the proportion 
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the sampling period (rs=0.5211, n=75, P=0.046). Data are set out in Table 3.1. 
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3 .3 .3 Common Elements 
The number of invertebrates recorded on each sampling session was 
significantly correlated with the number of foraging honeybees recorded (r8=0.2542, 
n=75, P=0.028) (Figure 3.12). However, the validity of this statistic can be 
questioned because there were many 24 sampling sessions when no foraging 
invertebrates (excluding honeybees) were recorded. Nevertheless, the proportion of 
the total number of foraging bees seen in a sampling session was also significantly 
correlated with proportion of invertebrate visits for the same session (r8=0.2275, 
n=75, P=0.050). In contrast, no significant correlation was found between the 
proportion of foraging honeybees (for each site) and the proportion of invertebrate 
visits to the monitored plants (r8=0.2013, n=75, P=0.083). 
In a site by site comparison, there were also no significant correlations found 
between the total number of foraging honeybees and the total number of invertebrates 
visits (r8=0.4349, n=l5, P=0.105) and total number of honeybees seen and the total 
number of invertebrates (r8=-0.0090, n=15, P=0.975). 
Figure 3.13 illustrates how the total number of transient bees recorded at all sites 
was significantly negatively correlated with the total number of invertebrate visits to 
the monitored plants (rs =-0.5219, n=15, P=0.046). A relationship between the 
presence of bees and other invertebrates is also illustrated by the following. Figure 
3.14 shows a significant positive correlation (r8=0.5931, n=15, P=0.020) between the 
number of plants (all species) used by foraging honeybees and the total number of 
invertebrate visits to the monitored plants. The total number of invertebrate visits (for 
each site) was also significantly correlated with the number of plant species used by 
honeybees at each site (r8=0.5150, n=15, P=0.049). 
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Despite the fact that the number of foraging honeybees and the number of plants (and 
plant species) were significantly positively correlated with the percentage cover of bare 
earth, and that a relationship existed between the number of invertebrates seen and all 
of these factors, the number of invertebrate visits to the monitored plants was not 
significantly correlated with the percentage cover of bare earth at each site (r8=0.4061, 
n=15, P=0.133) (Figure 3.15). 
3.4 Differences Between Sampling Phases 
A Kruskal-Wallis 1-way analysis of variance was used to test for homogeneity 
in selected data sets between the five sampling phases. There were 15 cases (sampling 
sessions) within each sampling phase. 
Mean temperature differed significantly between the 5 sampling phases 
(X2=9.61, d.f.=4, P=0.0475). Figure 3.16 shows the mean temperature and standard 
deviation for each sampling session. Sampling phases 4 & 5 showed a large variation 
in both the mean temperatures for each phase and in temperature variation within each 
session. Raw data are given in Appendix 2. Figure 3.16 also illustrates the difficulty 
in obtaining homogeneous sampling conditions. Conditions varied between days, and 
different sites created different microclimatic conditions even though sampling was 
undertaken on days with similar weather. The difference in temperature between 
phases is illustrated by the mean ranks for each phase determined by the Kruskal-
Wallis test. These were: phase one 28.2; phase two 29.8; phase three 45.4; phase 
four 39.6, and, phase five 47.1. In other words, with the exception of phase 3 and 4, 
the mean temperature appeared to have increased during the five sampling phases. 
Figure 3.9 showed that the number of invertebrate visits to the monitored plants 
increased over time. Not surprisingly, the proportion of invertebrate visits differed 
very highly significantly between sampling phases (X2=20.42, d.f. =4, P=0.0004). 
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This increase is reflected in the mean ranks for each phase determined by the Kruskal-
W allis test. They were: phase one 20.4; phase two 32.7; phase three 38.6; phase four 
46.5, and phase five 51.9. Although they were not (and could not be practically) 
quantified by the study, the number of flowers on the monitored plants increased 
during the study period. This temporal change is illustrated by plates 3.1 and 3.2 
which show site 4B in the first and fourth sampling phases. 
In addition to the increase in the number of flowers during the experiment there 
was also a difference in the absolute number of flowers between the sites. It was not 
possible to count the number of flowers on each monitored plant during the time 
available in the field. Furthermore, it was not possible to count them without 
disturbing the plants and thus biasing the sample. In fact it would probably be next to 
impossible to count the number of flowers without actually removing them or marking 
them in some way. However, the degree to which the number of flowers developed 
differently between sites is illustrated by Plates 3.3 and 3.4 (an extreme example) 
which show sites 2B and 2A during the fourth sampling phase. These are the same 
two sites that are illustrated in Plates 2.1 and 2.2 in the methods section. 
When all sites are considered, and values are converted to ranks, the number of 
foraging honeybees did not differ between sampling phases (Kruskal-Wallis, 
x2=0.87, d.f. =4, P=0.9290). The mean ranks for each phase were remarkably 
similar; they were: phase one 40.5; phase two 37.4; phase three 39.5; phase four 
35.1, and phase five 37.5. This contrasts with the peak seen in phase 2 (Figure 3.4) 
where a large number of foraging bees were recorded at site lB foraging on Hakea 
trifarcata. 
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3.5 Differences Between Replicate Groups 
The study area was assumed to be, and has been demonstrated to be, relatively 
homogenous in its floristics. The TWIN SP AN classification tended to group sites 
into their geographically derived replicate groups whilst on the other hand, UPGMA 
classification showed that sites were relatively similar. Because it was not possible to 
undertake tests for differences due to the removal of honeybees, an interpretation of 
the factors affecting honeybee and native pollinators was made on a site by site basis. 
A valid comparison of the differences between sites depends upon homogeneity with 
the study area. 
Although there is a demonstrated degree of floristic similarity within the study 
area (Figure 3.2) the TWINSPAN classification may be alluding to significant 
difference between groups. Therefore, a series of Kruskal-W allis 1 way analysis of 
variance tests was undertaken to determine if the replicate groups differed over a range 
of criteria. The results are presented in Table 3.3. Raw data for these tests are given 
in Table 3.1. 
No significant differences were found. Although replicate group 5 had a far 
higher number of L. polymorphus plants, the differences, when converted to ranks, 
were not significant. Similarly, replicate group 1 recorded 117 honeybees at two sites 
(lA and lB). This was far higher than the next highest replicate group (group 4) 
which recorded 50 honeybees (mostly transients seen at site 4A). However, the 
differences between replicate groups, when converted to ranks, were also not 
statistically significantly different. 
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3.6 Invertebrate Assemblages 
Figures 3.17 and 3.18 show the number of invertebrates within each order for 
the pre-flowering and flowering samples. The data from each of the 15 samples were 
grouped according to their replicate groups. Raw data are given in Appendices 4A 
(pre-flowering) and 4B (flowering). 
3.6.1 Pre-flowering 
The pre-flowering histogram (Figures 3.17) shows the similarity in invertebrate 
distribution between the replicate groups. Replicate group 1 had the only 
hymenopterans (ants: Hymenoptera 1 & 2) whilst dipterans were absent from 
replicate group 2. Replicate group 3 had no lepidopteran larvae and more Araneae 
(three spiders: 2 at site 3A; 1 at site 3B) than any of the other replicate groups. 
Spiders were generally scarce, only two others were found ( one each at sites SB and 
2C). Acarines, collembolans, hemipterans and thysanopterans were evenly spread 
throughout the replicate groups, although replicate group 5 had notably fewer 
acarines. There were no coleopterans found in the pre-flowering samples. 
3.6.2 Flowering 
Figure 3 .18 shows the invertebrate assemblages for the flowering samples. 
Invertebrates were less evenly distributed between the replicate groups than in the pre-
flowering samples. All hymenopterans collected were ants and, replicate group 1, 
which had the only hymenopterans in the pre-flowering sample, also had the highest 
number in the flowering sample. In both cases two morpho-species of ant were 
present. One of these (Hymenoptera 1) was present in both pre-flowering and 
flowering samples, and was also found again at sites 2B, 4B and SC. The second ant 
morpho-species was present at site lC in large numbers (38). This morpho-species 
was present in each of the flowering replicate groups (at sites 2C, 3A, 3B, 4C & SA) 
and was considered to be a potential pollinator of the species. 
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Four of the sites where this species occurred (lC, 2C, 3B & 4C) recorded very low 
numbers of invertebrate visits to the monitored plants (9, 0, 11, & 8 respectively). 
Four other ant morpho-species were recorded in the flowering samples but were single 
individuals found across a range of sites and replicate groups. 
Acarines were found in greater numbers but still relatively evenly spread 
throughout the replicate groups. However, in common with the pre-flowering 
samples, replicate group 5 had the least. Spiders were present in all replicate groups 
but in low numbers. Only one of the eight Araneae morpho-species was present in 
both the pre-flowering and flowering samples. There were never more than three 
spiders at any site (5C) and only 4 sites had two or more spiders (5C lC, 3B & 4B). 
Lepidopteran larvae, which had been absent from replicate group 3 in the pre-
flowering samples, were now found in all replicate groups but, in common with the 
pre-flowering samples, replicate group 3 had the lowest number of individuals. A 
single morpho-species of Coleoptera was represented in all replicate groups but only 
one individual was found in replicate group 5 (site 5A). 
Thysanopterans increased at all sites, and were relatively evenly distributed 
between replicate groups, although replicate group 5 recorded an increase of only nine 
individuals. 
Figure 3.19 shows the total number of invertebrates within each order both 
before and during flowering. Hemipterans and collembolans were remarkably 
consistent in numbers between the samples but dipterans declined in the flowering 
sample, possibly due a difference in temperature. Acarines, spiders, ants, 
coleopterans, thysanopterans and lepidoptera larvae all increased in abundance. 
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3.6.3 Statistical Comparison 
In order to determine if the abundance of animals within each order was differed 
between the two samples, and was possibly due to availability of a floral resource, a 
chi-square test using a 2 x 9 contingency table (9 orders and 2 samples) was carried 
out. It showed that there was a very highly significant difference in the frequencies of 
invertebrates within each order between the two samples (X2=138, d.f.=7, P<0.001). 
To determine which orders had increased or decreased significantly, the 
differences between each of the individual orders were examined by a series of 
Wilcoxon matched-pair signed-rank tests. Table 3.4 presents the results of these tests 
and also shows the number of morpho-species present within each order for both 
samples. The number of morpho-species common to both the pre-flowering and 
flowering samples is also given. Significant differences (Table 3.4) were found 
between the numbers of Araneae, Coleoptera and Lepidoptera larvae. The difference 
between the number of Hymenoptera was highly significant and Thysanoptera very 
highly significant. There were 301 invertebrates in the pre-flowering sample and 615 
in the flowering sample this difference was highly significant. 
3.6.4 Sampling Differences 
3.6.4.1 Sampling temperature 
The mean temperature at the time when the flowering samples (25 .53 °C) were 
taken was very highly significantly different to the mean temperature for the pre-
flowering (20.33 °C) samples (2-tailed t-test for paired samples, t =6.23, d.f.=14, 
P=0.00). There was, however, no significant difference in the temperature at the time 
of sampling between the replicate groups (3 samples in each replicate group) for either 
the pre-flowering samples (Kruskal-Wallis 1-way ANOVA, xz=0.39, d.f.=4, 
P=0.9837) or the flowering samples (Kruskal-Wallis 1-way ANOVA, x2=7.99, 
d.f.=4, P=0.0919). 
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TABLE 3.4 
A summary of the invertebrate assemblages from the 15 pre-flowering (before) and flowering (during) 
samples of Leucopogon polymorphus. The table includes the number of morpho-species and 
individuals present within each order and the number of species common to both sets of samples. The 
total number of invertebrates within each order (for each of the 15 paired samples) was used in the 2-
tailed matched-pairs signed-ranks tests. A non-parametric test was preferred because of the high 
variability within the data set. Raw data are in Appendices 4A (pre-flowering) and 4B (flowering) and 
the totals are displayed in Figure 3.19. 
ORDER NUMBER OF NUMBER OF WILCOXON MATCHED- PAIRS 
MORPHO-SPECIES INDNIDUALS SIGNED- RANKS TEST 
Before During Common Before During Z Value (n=15) ExactP Sig. 
Acarina 4 4 4 156 254 -1.4199 0.1556 NS 
Araneae 3 6 1 5 15 -1.9876 0.0469 * 
Collembola 1 3 1 34 26 -0.8237 0.4101 NS 
Coleoptera 0 1 0 0 27 -2.3664 0.0180 * 
Diptera 4 2 1 9 2 -1.7821 0.0747 NS 
Hemiptera 9 11 8 72 62 0.0000 1.0000 NS 
Hymenoptera 2 6 1 2 74 -3.0594 0.0022 ** 
Thysanoptera 1 1 1 13 117 -3.4078 0.0007 *** 
Lepidoptera 3 2 2 10 38 -2.3570 0.0184 * 
1UfAL 27 36 19 301 615 -2.7546 0.0059 ** 
KEY 
NS Not statistically significant 
* Statistically significant 
** Statistically highly significant 
*** Statistically very highly significant 
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3.6.4.2 Sample wei~ht 
There was no significant difference in the mean weights of the brach clippings 
between the two sets of samples (2-tailed t-test for paired samples, t =1.22, d.f. =14, 
P =0.241). There was also no significant difference in the weight of samples between 
the replicate groups (3 samples in each replicate group) for either the pre-flowering 
samples (Kruskal-Wallis 1-way ANOVA, x2=8.57, d.f.=4, P=0.0729) or the 
flowering samples (Kruskal-Wallis 1-way ANOVA, x2=6.77, d.f.=4, P=0.1487). 
The weight of samples was not significantly correlated with the number of 
invertebrates in either the pre-flowering samples (r8=-0.1329, n=15, P=0.637), the 
flowering samples (r8=0.1358, n=15, P=0.629) or for both combined (r8=0.2807, 
n=30, P=0.2807). The number of individuals, in order with the most invertebrates 
(Acarina) in both samples, was also not correlated with the weight of the pre-
flowering sample (r8=0.0825, n=l5, P=0.770) or the flowering sample (r8=0.2079, 
n=l5, P=0.457). 
The same result was obtained for the most abundant morpho-species (Acarina 2) 
(pre-flowering r8=0.1704, n=15, P=0.544; flowering r8=0.3735, n=l5, P=0.170). 
3.6.5 TWINSPAN Classification 
A TWINSPAN classification separated the sites into pre-flowering (P) and 
flowering (F) replicate groups. Figure 3.20 shows the first division. The indicator 
species (Coleoptera 1 ) was found only in the flowering samples and was considered 
to be a potential pollinator. 
One further division was made in the pre-flowering replicate groups. Replicate 
group 3P was separated from the other four and the indicator species was Araneae 2. 
The differences in replicate group 3P have already been illustrated by Figure 3.17. 
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FIGURE 3.20. Dendrogram of TWINSPAN classification of the invertebrate assemblages of 
Leucopogon polymorphus. Pre-flowering (P) and flowering (F) samples were taken from each of the 
five replicate groups. The number of each division is included together with the number of groups 
and species (in parentheses) remaining following each division. Indicator species and details of the 
abundance categories* are given below. 
Indicator species <and their abundance cate~ories*) for each division. 
Division 
1 
2 
3 
5 
Ne~ative Indicator Species 
Coleoptera species 1 (1) 
Araneae species 6 (1) 
Collembola species 3 (1) 
* Abundance cate~ories derived from TWINSPAN cut levels, 
= species absent 
1 = 1 - 2 individuals of the species 
2 = 2 - 5 individuals of the species 
3 = 5 - 10 individuals of the species 
4 = 10 - 20 individuals of the species 
5 = > 20 individuals of the species 
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Positive Indicator Species 
Araneae species 2 (1) 
Replicate group lF was separated from the other flowering replicate groups and 
the indicator species was also a spider (Araneae species 6). The other flowering 
replicate groups were divided once more. Replicate groups 3F and 5F were paired as 
were replicate groups 2F and 4F. The indicator species in this instance was a morpho-
species of Collembola (morpho-species 3) that was found only in the flowering 
samples. The abundance of the morpho-species within each replicate group of 
samples is given in the two-way TWINSPAN output table (Table 3.5). 
3.6.6 UPGMA Classification 
Figure 3.21 shows the UPGMA classification of the invertebrate data. Four of 
the pre-flowering replicate groups and one flowering replicate group (lP, 2P, 3P, 4P 
& 5F) were similar. The pre-flowering sample for replicate group 5P is most similar 
to the flowering sample from the same replicate group. The highest relatively 
similarity of any of the flowering replicate groups and any other replicate group is 
between replicate group lF and pre-flowering replicate group 3P 
The TWINSP AN classification identified replicate group 3P as being somewhat 
different to the other pre-flowering replicate groups whilst the UPGMA classification 
pointed to replicate group 5P as being different. Replicate group lF appeared 
somewhat dissimilar to the other flowering replicate groups in both classifications. 
The most similar flowering replicate groups were groups 3F and 4F. However, 
these two groups were not in the ~ame TWINSP AN end-group. Replicate groups 3F 
and 5F formed the same TWIN SP AN end-group but were relatively dissimilar in the 
UPGMA classification. Furthermore, replicate group 5F was most similar to replicate 
group 5P and, of all the flowering replicate groups, it was most similar to replicate 
group 2F. 
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TABLE3.5. 
Two-way TWINSPAN output table for pre-flowering (P) and flowering (F) invertebrate assemblages 
from 5 replicate groups. Abundance categories are explained in Figure 3.20. The full names of each 
of the orders and more detail relating to the data set is given in Appendix 4A (pre-flowering) and 4B 
(flowering). 
ORDER OF SAMPLES 
6 lF ! 8 3F ! 10 SF ! 7 2F ! 9 4F 
2 2P ! 4 4P ! 1 lP ! 5 SP ! 3 3P 
1 
6807924153 
4 ACAR SP4. -1-221---- 000 
8 ARAN SP4. -2--1----- 000 
11 ARAN SP7. --1------- 000 
12 ARAN SP8. ---1------ 000 
14 COLM SP2. -1-------- 000 
15 COLM SP3. -11------- 000 
16 COLE SPl. 24123----- 000 
32 HEM! SPll ----2----- 000 
33 HEM! SP12 ----1----- 000 
37 HYMN SP4. ---1------ 000 
38 HYMN SPS. ---1------ 000 
39 HYMN SP6. -1-------- 000 
40 HYMN SP7. -1-------- 000 
9 ARAN SPS. 21--2----- 001 
10 ARAN SP6. 1--------- 001 
21 DIPT SPS. 1--------- 001 
31 HEM! SPlO 2--------- 001 
34 HYMN SPl. 3--32--1-- 001 
36 HYMN SP3. 53321----- 001 
3 ACAR SP3. -1-221-1-- 010 
27 HEM! SP6. 11-321---2 010 
1 ACAR SPl. 35214-322- 011 
41 THYS SPl. 3545522131 011 
42 LEPI SPl. 323332-22- 011 
30 HEM! SP9. ---112---- 100 
2 ACAR SP2. 5545555545 101 
13 COLM SPl. 2232333333 101 
24 HEM! SP3. -2-4221211 101 
5 ARAN SPl. -1---1--11 110 
17 DIPT SPl. ----1--1-2 110 
22 HEM! SPl. 21----343- 110 
23 HEM! SP2. 2---211123 110 
25 HEM! SP4. -1---1--1- 110 
26 HEM! SPS. 1-3-.211141 110 
29 HEM! SP8. 1----1---- 110 
44 LEPI SP3. ----111--- 110 
6 ARAN SP2. ---------1 111 
7 ARAN SP3. ---------1 111 
18 DIPT SP2. -------1-- 111 
19 DIPT SP3. --------1- 111 
20 DIPT SP4. ------1-12 111 
28 HEM! SP?. ------1--1 111 
35 HYMN SP2. -------1-- 111 
43 LEPI SP2. -----1---- 111 
0000011111 
0111100001 
0011 
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FIGURE 3.21. Dendrogram of UPGMA classification of the invertebrate assemblages of 
flowering (P) and pre-flowering (F) Leucopogon polymorphus plants. Data was associated in a Bray-
Curtis similarity matrix for upon continuous data. The scale shows the degree of 
similarity/dissimilarity on an absolute scale of0-1. 
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Both classification techniques showed greater variation in the flowering replicate 
groups. In comparison to the pre-flowering groups (except replicate group 5P) the 
flowering samples were all relatively dissimilar. 
3.6.7. SSH Multi-dimensional Ordination. 
The five pre-flowering and five flowering replicate groups were ordinated on the 
basis of their faunal assemblages and the results are plotted in Figure 3.22. The 
similarity of replicate groups lP, 2P and 4P is once again emphasised. All five pre-
flowering samples are to the left of the vertical axis, with the three previously 
mentioned groups forming a tight cluster. Replicate group lF is the only flowering 
group found to the left of the vertical axis. 
Replicate group 5P is closest to group SF at the top of the figure. All flowering 
groups are well separated. In contrast to the TWINSP AN classification, but the same 
as the UPGMA classification, flowering replicate groups 3F and 4F are the most 
proximal. 
3. 7 Pollination Success 
3.7.1 Isolated Plants 
Three plants died during the trail. Of the twenty-two that remained alive, 
nineteen flowered: the resulting data for the number of developing seeds are given in 
Table 3.6. 
No developing fruit, and therefore no developing seed, were found on any of 
the netted plants. Twenty-eight suitably developed fruit were found on three of the 
control plants. One of these plants, which had only six suitably developed fruit, 
showed the highest mean value for developing seed per fruit (4.33) for all of the 
isolated and field plants. 
96 
ijl I 
,,, 
• 1P C 1F • 2P <> 2F • 3P A 3F • 4P 0 4F X 5P :llC 5F 
-
1.2 T :)IC 
X 
0.9 + I 
0.6 + I 
V 
• • + 
I e 0.3 
<> 
C 
t I I I I I I I I I 0 0 
• r 
-0.3 -+-
2 [] 
-0.6 
-.. 
-0.9 I 0 A 
-1.2 
-1.2 -0.9 -0.6 -0.3 0 0.3 0.6 0.9 1.2 
Vector 1 
FIGURE 3.22. Ordination by SSH of the five replicate groups based on pre-flowering (P) and 
flowering (F) invertebrate assemblages. Replicate groups were ordinated in two dimensions using 
data associated in a Bray-Curtis similarity matrix based upon continuous variables. The stress level 
was 0.1303. 
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TABLE3.6. 
Results of the analysis of developing seeds for isolated ("in vitro") Leucopogon polymorphus plants. 
The number of developing seeds within each of five cells within the ovary of the developing fruit were 
counted. 
TREATMENT NUMBER OF PLANTS NUMBER OF FRUIT & SEED 
In Still With Fruit Mean St. Dev. 
Tray Alive Flowers Found Seed/Fruit Seed I Fruit 
Unnetted Control Plants 
Replicate I 2 I I 12 2.33 1.30 
Replicate 2 2 2 2 6 4.33 0.52 
Replicate 3 2 2 2 10 2.00 1.25 
Replicate 4 2 2 2 0 
Replicate 5 2 I 0 
Paired Netted Plants 
Replicate I 2 2 2 0 
Replicate 2 2 2 I 0 
Replicate 3 2 2 2 0 
Replicate 4 2 I 0 
Replicate 5 2 2 2 0 
Single Netted Plants 
Replicate I I I I 0 
Replicate 2 I I I 0 
Replicate 3 I I I 0 
Replicate 4 I I I 0 
Replicate 5 I I I 0 
TABLE3,7, 
Results of the analysis of developing seeds for Leucopogon polymorphus field plants. The number of 
developing seeds within each of five cells within the ovary of the developing fruit were counted. 
TREATMENT NUMBER OF MONITORED PLANTS NUMBER OF FRUIT & SEED 
& SITE Netted or In In Removed Fruit Mean St. Dev. 
Unnetted Quadrat Flower for Analysis Examined Seed/ Fruit Seed/Fruit 
Site IA u I I I 29 3.52 1.30 
Site 1B N 2 2 I 20 2.00 1.21 
Site IC N 5 5 I 9 1.11 0.78 
Site 2A u 3 3 I 64 3.61 1.43 
Site 28 N 2 2 2 6 0.50 0.55 
Site 2C N 3 2 2 2 0 0 
Site 3A u 3 3 I 30 1.47 1.01 
Site 38 N 2 2 I 5 1.60 0.89 
Site 3C N 2 I I 25 1.19 1.06 
Site 4A u 2 2 2 0 
Site 48 N 6 6 I 44 2.02 1.17 
Site 4C N 2 2 I 13 1.08 1.04 
Site 5A u 9 6 I 33 1.76 1.06 
Site 58 N 3 3 I 20 2.05 1.32 
Site 5C N 5 3 I 20 2.9 1.33 
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3. 7 .2 Field Plants 
The number of suitably developed fruit found on the field plant specimens varied 
considerably. The number of fruit examined, the mean number of developing seeds 
found and the standard deviation from the mean are given in Table 3.7 along with the 
number of monitored L. polymorphus plants and those that flowered (given in Table 
3.1). 
There was no significant difference in the mean number of developing seeds 
between the three treatments (A, B & C) (Kruskal-Wallis xz=l.69, d.f.=2, P= 
0.4300). However, sites lA & 2A, both unnetted plants, showed the highest mean 
number of developing seeds (3.52 & 3.61) (site 2A is shown in Plates 2.1 and 3.3). 
The standard deviation from the mean number of developing seeds was also not 
significantly different between the 3 treatments (Kruskal-Wallis xz=0.55, d.f.=2, P= 
0.7604). 
There was also no significant difference in the mean number of developing seeds 
(Kruskal-Wallis x 2=3.5146, d.f.=4, P= 0.4757) or the standard deviation from the 
mean number of developing seeds (Kruskal-Wallis xz=l.36, d.f.=4, P= 0.8516) 
between the 5 replicate groups. 
3.7.3 Factors Affecting Seed Development. 
The mean number of developing seed was very highly significantly correlated 
with the number of observed visits by invertebrates (rs=0.8025, n=15, P=0.000) 
(Figure 3.23) and was highly significantly correlated with the number of observed 
invertebrate visits divided by the number of monitored flowering plants within each of 
the 1.2 m x 1.2 m quadrats (rs=0.6840, n=15, P=0.005). 
The standard deviation from the mean number of developing seeds was highly 
significantly correlated with both the number of recorded invertebrate visits 
(rs=0.7203, n=15, P=0.002) and with the number of observed invertebrate visits 
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Figure 3.23. Scatter plot showing the relationship between the number of invertebrate visits to 
monitored Leucopogon polymorphus plants and the number of developing seeds per fruit of a selected 
monitored plant (rs=0.8025, n=l5, P=0.000). 
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Figure 3.24. Scatter plot showing the relationship between the number of invertebrate visits to 
the monitored Leucopogon polymorphus plants divided by the number of flowering Leucopogon 
polymorphus plants and the standard deviation from the mean number of developing seeds per fruit of 
a selected monitored plant (rs=0.7059, n=15, P=0.003). 
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divided by the number of flowering plants (r5=0.7059, n=15, P=0.003) (Figure 
3.24). 
There was also a relationship between the variability in the number of 
developing seeds and the number of developing fruit examined. The number of fruit 
examined was highly significantly correlated with both the mean number of 
developing seeds (r5=0.7085, n=15, P=0.003) the standard deviation from the mean 
number of developing seeds (r5=0.7439, n=15, P=0.001). Additionally, the mean 
number of developing seeds was very highly significantly correlated with the standard 
deviation from the mean number of developing seeds (r5=0.9893, n=15, P=0.000). 
This results possibly demonstrate a problem of dealing with an uneven sample size. 
However, it is quite possible that a plant with more flowers, and perhaps more 
recorded invertebrate visits, would show more developing fruit, a higher rate of seed 
setting and greater variation. Had time permitted, it would have been desirable to 
count both the absolute number of fruit and seeds produced. 
Figure 3.25 illustrates that the mean number of developing seeds was 
significantly correlated with the percentage cover of bare earth (r5=0.5693, n=15, 
P=0.027). A relationship between the percentage cover of bare earth and the number 
of foraging honeybees, the number plants used by honeybees and the number of 
invertebrate visits (although not statistically significantly), is repeated in an analysis of 
the developing seeds. 
Both the number of plants (all species) used by honeybees (r5=0.7180, n=15, 
P=0.003) (Figure 3.26) and the number of plant species used by honeybees 
(r5=0.6649, n=15, P=0.007) were highly significantly correlated with the mean 
number of developing seeds. In addition, the number of plant species used by 
honeybees (r5=0.5366, n=l5, P=0.039) was significantly correlated with the standard 
deviation from the mean number of developing seeds. Although these statistics are not 
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Figure 3.25. Scatter plot showing the relationship between the mean number of developing seeds 
per fruit of selected Leucopogon polymorphus plants and the percentage cover of bare earth at each 
site (r8=0.5693, n=l5, P=0.027). 
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Figure 3.26. Scatter plot showing the relationship between the number of plants (all species) used 
by honeybees and the mean number of developing seeds per fruit from selected Leucopogon 
polymorphus plants (r8=0.7180, n=l5, P=0.003). 
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necessarily indicative of a competitive interaction they perpetuate a trend that runs 
through the results. 
The mean number of developing seed was not significantly correlated with the 
number of flowering L. polymorphus plants at each site (r8=0.3126, n=15, P=0.257). 
However, there is a suspicion that the species may be cross-pollinated because, 
although the correlation is not significant, there is evidence of a relationship between 
the mean number of developing seeds and the proportion of flowering L. 
polymorphus (r8=0.4960, n=15, P=0.060). 
Figure 3.27 and Figure 3.28 shows that the number of foraging honeybees 
recorded at each site was significantly correlated with both the mean number of 
developing seeds (r8=0.5468, n=15, P=0.035) (Figure 3.27) and the standard 
deviation from the mean number of developing seeds (r8=0.5324, n=15, P=0.041) 
(Figure 3.28). Although honeybees only foraged on two of the examined plants (lB 
& 4B), and could not be responsible for pollination of any of the other netted plants, 
this statistic further highlights the relationships pointed out earlier. 
3.8 Summary 
The results show that there were both spatial and temporal patterns evident in the 
utilisation of plant species by honeybees during the study period. There was also a 
relationship between the number of invertebrates visiting the flowers of L. 
polymorphus and the number of honeybees seen at each site. A number of common 
factors controlled both the numbers of honeybees and the number of invertebrate 
visits. Specific plants were important determinants in the number of honeybees seen 
at each site and, despite the fact that these changed over time, it was still evident that 
both the numbers of honeybees and other invertebrates seen were also related to a 
number of site factors. The number of invertebrate visits to L. polymorphus plants, 
and these site factors, were also reflected in the number of developing seeds. 
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Figure 3.27. Scatter plot showing the relationship between the number of foraging honeybees and 
the mean number of developing seeds per fruit of selected Leucopogon polymorphus plants. Note the 
break in the horizontal scale (r8=0.5468, n=l5, P=0.035). 
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Figure 3.28. Scatter plot showing the relationship between the number of foraging honeybees and 
the standard deviation from the mean number of developing seeds per fruit of selected Leucopogon 
polymorphus plants. Note the break in the horizontal scale (rs=0.5324, n=l5, P=0.041). 
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4 DISCUSSION 
4.1 Plants Species Used By Honeybees 
This study made no attempt to manipulate the number of honeybees within the 
study area. Consequently, the analysis and interpretation of the data is dependent 
upon relatively small numbers of honeybees. The foraging preferences determined by 
this study are obviously only relevant to the study area and the density of bees during 
the study. Whether the numbers of bees seen at the utilised plants would have 
increased given higher densities of honeybees, or whether other plant species would 
have been used, can only remain speculation. However, important information was 
obtained. 
4.1.1 Temporal Patterns in Plants used for Pollen 
A temporal pattern is displayed by both the numbers of bees foraging for pollen 
and the number of plants used for pollen. Figure 3.4 shows a concentration in the 
number of bees using Acacia sphacelata whilst Figure 3.5 shows a concentration in 
both the number of bees and the number of Hakea costata plants used. Both these 
plant species flowered for a short time. The first sampling period commenced toward 
the end of the flowering of A sphacelata, and consequently, only two plants were 
visited. However, the number of bees seen at the plant in phase 1 was high. Ideally, 
the recording of honeybee utilisation should have commenced before L. polymorphus 
flowered and not immediately afterwards, possibly with the addition of an extra 
sampling phase. 
Hakea costata, which flowered only in the final phase, recorded a high number 
of bees visits and a high number of plants used. Indeed, during the final phase, it was 
the only species used for pollen. In the three middle phases, as the number of 
flowering species increased, there were very low numbers of pollen foraging bees 
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recorded but a high number of plants used. This suggests a number of things. 
Firstly, A sphacelata was used intensively because it was flowering when there 
were very few other sources of pollen available. H. costata was obviously a rich 
pollen resource within the study area and was preferred by honeybees, possibly to the 
exclusion of other resources. An interesting comparison can be made to the data of 
Wills et al. (1990) who recorded H. costata as also being used for nectar. Therefore, 
the results of this study suggest that the same species of plant may be used for 
different resources in different situations. This makes the management of honeybees 
even more complex because the manifestation of increased or reduced set in an 
individual species of plant, may be different in different vegetation types, and/or in 
different densities of honeybees. 
L. polymorphus was used by only a few bees but more individuals plants were 
visited than any other species. The number of plants used increased steadily up until 
H. costata flowered. It is not unreasonable to assume that bees would have to visit 
more L. polymorphus plants than the larger Acacia spp. or Hakea spp. in order to 
gather a comparable pollen load. L. polymorphus may have been less attractive to 
honeybees because a greater foraging effort was required per unit of pollen collected. 
The maximum utilisation of this species may have occurred in a gap between the 
availability of A. sphacelata and H. costata. If it had flowered a few weeks sooner, 
L. polymorphus may have been utilised more heavily by honeybees. The 
concentration of foraging effort on preferred species and the fact that larger plants may 
provide more pollen on a single foraging trip may partially explain why honeybees 
were seen foraging on L. polymorphus at four out the five replicate groups, on H. 
costata, at three of the replicate groups and on A. sphacelata at only two of the 
replicate groups. 
To assess properly the potential effect of honeybees foraging upon any species 
of plant it is essential to know what variations occur in flowering time from year to 
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year. Given differences in the seasonal weather patterns in the period prior to 
flowering, and possible variation in a range of environmental triggers that may 
stimulate flowering, it is possible that some species may flower sooner in some years 
than others. This may lead to increase or decrease in honeybee use between years. If 
honeybee use results in an increase in pollination, and consequently an increase in 
seed production, early flowering individuals, or those individuals in a location where 
environmental conditions promote early flowering, may account for greater 
recruitment into the population. In the long term this may subtly change the local 
distribution of species and the structure of the plant community. This may change, or 
complement, the spatial patterns of honeybee use within a given area - a subject which 
is discussed in more detail in subsequent sections. 
The results for pollen foraging honeybees reinforce the findings of other studies 
and reviews (Wills et al., 1990 & Paton, 1995) that suggest that competition is most 
likely to occur When there are little alternative resources available. The plant species 
that are most likely to experience an increase or a decrease in the number of seeds 
produced are probably those species that produce a reasonable amount of pollen or 
nectar, and are preferred by honeybees, particularly those that flower during a dearth 
of resources. These species are likely to provide extreme examples of the effects of 
honeybee use (Paton, 1995) and, for the purpose of demonstrating the potential 
severity of impacts, are worthy of further study. However, it is also likely there is a 
spectrum of potential effects and it is not necessarily the case that the most severe 
effects are the most ecologically significant. Additionally, although the most intensely 
used species may provide a focus for competition, it does not mean that there are no 
ecologic~ implications of native pollinators switching from a preferred species that is 
heavily utilised by honeybees, and foraging on other species in times when a range of 
floral resources is more abundant. 
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An additional, earlier sampling phase would have generated more data 
concerning the use of A. sphacelata, and also quantified honeybee utilisation at the 
time when floral resources were at their lowest. Such data would have improved the 
temporal understanding of the utilisation of both the pollen and nectar resource and 
probably highlighted the further susceptibility of A .sphacelata and its pollinators to 
intensive utilisation by honeybees. 
Figure 4.1 illustrates the crude flowering period of all those species, used by 
honeybees for pollen, that occurred within the study area. The species are given in 
detail in Appendices lA, lB and lC. Flowering times are taken from Bennet (1988) 
and/or Marchant, et al. ( 1987) but have been modified and made relevant to Yanchep 
National Park in the light of this study. Consequently, the periods plotted will differ 
from the dates given in the Appendices, which represent the broadest possible 
indication of flowering time. Opportunistic observations of honeybee activity 
(throughout all the field work) made outside sites, and the structured sampling period, 
are also included, even though honeybee utilisation of some of the species was not 
formally quantified by this study. However, it should be stated that the list of species 
is by no means exhaustive. 
Some of the limitations of a restricted sampling period have just been discussed. 
It would have been better to plot Figure 4.1 for a whole year and not just for the study 
period. Although the crude flowering times are available for all the species, it was not 
possible to do this because no studies have recorded the species used by honeybees in 
Banksia woodland for any time but winter. 
Figure 4.1 highlights a number of things. Firstly, it shows the large number of 
species which commence flowering in June. Only three species, including two 
epacrids, normally flower before June. Indeed, the choice of species for this study 
was based upon this rationale. The other species, Banksia menziesii, was the only 
one of these abundant in the study area. 
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Oxy/obium capitatum ** 
Mesome/aena stygia " 
Leucopogon polymorphus " 
L. propinquus *"* 
L. conostephioides " 
Hakea trifurcata " 
Hakea lissocarpha" 
Hakea costata " 
Dryandra sessilis "" 
Banksia menziesii "" 
Andersomia /ehmanniana " 
Allocasuarina humiilis " 
Acacia sphacelata " 
Acacia pulchel/a " 
M A M J J 
Month 
A s 0 
Figure 4.1. Flowering times of those plant species known to be used by honeybees for pollen 
that occurred within the study area. (Primary source of observation of honeybee utilisation: * this 
study; ** Wills et al., (1990); *** Bailey, (1994). 
An isolated patch of L. conostephioides occurred at the southern edge of the 
study area and was intensively used by honeybees during May and June. Honeybees 
were observed foraging on Andersonia lehmanniana on a number of occasions before 
the invertebrate sampling phases, but not at all during any of the sampling phases. 
The dependence of honeybees upon small epacrids in early winter has been implied in 
other literature (eg. Coleman, 1962; Bell, 1987; van der Moezel et al., 1987;) and has 
been further highlighted by this study. However, as has been discussed, sampling 
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needed to be conducted earlier. 
B. menziesii, L. conostephioides and A. lehmanniana, and those of the 
numerous species that normally commence flowering in June and July which flower 
first (eg A. sphacelata), can be considered as being predisposed to any effects of the 
activities of the foraging honeybee. Resource competition may be more visible at the 
flowers of those plants which are used for pollen, because pollen, unlike nectar is not 
a daily renewable resource (in terms of individual flowers). Clearly, once pollen is 
removed by honeybees, it is no longer available to other species. The concentration of 
honeybee foraging effort upon single species suggests that, at times when there is little 
choice in the resources available, honeybees are capable of using up a large proportion 
of the resource. Paton (1993) has already demonstrated as much for the consumption 
of nectar and pollen, and van der Moezel et al., 1987 showed that honeybees 
sometimes rely upon the pollen of single species, particularly in early winter. 
Because of their flowering phenology, the epacrids discussed in this section are 
predisposed to any effects of honeybee activity and require further study. This 
supports the rationale for undertaking this project. Those species which regularly 
flower before the dramatic increase in winter floral resources also merit further study. 
Bell ( 1987) has shown, from a summary of unpublished Honours research, that 
honeybees are dependent upon only a few species of pollen in late autumn/early 
winter. Therefore, it is likely that, depending upon the ability of the honeybee to 
provide pollination services, a number of species of plants may be receiving additional 
pollination services. In the instance of honeybees not providing a pollination service, 
they would make less pollen available for transfer by legitimate pollinators and, 
therefore, potentially reduce seed set. In either case there is the potential for the 
floristics of an area to be subtly changed. Such changes are not welcome in nature 
conservation areas 
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4.1.2 Temporal Patterns in Plants used for Nectar 
Figure 4.2 presents phenological information for the plant species used by 
honeybees for nectar. In a similar manner to Figure 4.1, it highlights the dearth of 
nectar resources available in the study area before the winter peak in flowering. In this 
study B. menziesii and Calothamnus sanguineus were the only species observed being 
used as a nectar source before the five sampling phases commenced. Honeybee 
utilisation of C. sanguine us occurred only once (phase 1) in the sampling period. B 
menziesii was not used during any of the sampling phases. This is perhaps because it 
was nearing the end of its flowering period and was only represented by a single 
inflorescence in each of the sites 1 C, 2C and 3A. 
Hakea trifurcata * 
Hakea /issocarpha ** 
Hakea costata ** 
Dryandra sessi/is * 
Calothamnus 
sanguineus * 
C. quadrifidus ** 
Banksia menziesii * 
Banksia attenuata ** 
M A M J J 
Month 
A s 0 
Figure 4.2. Flowering time of those plant species known to be used by honeybees for nectar that 
occurred within the study area. Primary source of observation of honeybee utilisation: * this study; 
** Wills et al., (1990). 
Hakea lissocarpha, although not abundant in the study area, was another species 
that flowered before the majority of the other species, and was observed being used by 
honeybees for pollen before the sampling phases, although it only flowered for a 
relatively short time. Whilst Bell (1987) has drawn attention to the species' 
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importance as a pollen resource at the end of July, it is also known to be used for 
nectar (Wills et al., 1990). This species, as well as B. menziesii and C. sanguineus, 
may be predisposed to any potential effects of honeybee utilisation. The genus 
Calothamnus is among those described by Bell (1987) as being used by honeybees in 
a way that seems to bypass the stamens and stigmas of flowers. 
Honeybee utilisation of B. menziesii merits further study. The species is used 
by honeybees for both for nectar and pollen, at a time when floral resources are low. 
The species is self-incompatible and therefore requires pollen movement between 
plants (Ramsey & Vaughton, 1991). Almost half the foraging movements of 
honeyeaters are between plants, and therefore, birds are considered responsible for 
considerable cross pollination in the species (Ramsey, 1989). The foraging behaviour 
by honeybees may facilitate less movement of pollen between plants than honeyeaters 
and would also reduce the amount of pollen available for transfer by honeyeaters. In 
addition, the species is protandrous and over 90% of the pollen is invariable after 24 
hours. The foraging behaviour of pollen gathering bees in relation to these attributes 
also needs to be investigated. Pyke et al. (1988) made similar coclusions. 
4.2 Floristic Factors Affecting Honeybee Utilisation Of Plants 
With the exception of site lB, the numbers of foraging honeybees seen were 
low and variable. However, the fact that no foraging bees were seen at some sites, 
especially given the floristic similarity of the study area, and the fact that there were no 
significant differences between the geographically derived replicate groups, indicate 
that differences due to site factors may be important determinants in the honeybees 
seen. However, the lack of information regarding the location of hives hampers an 
evaluation of the spatial patterns evident in honeybee density. Clearly, if, as Pyke and 
Balzer (1985) found, honeybee densities are highest closest to hives, then there may 
be other factors creating concentrations in numbers. 
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The fact that there were no differences in the numbers of honeybees between 
what were geographically derived replicate groups, suggests that either the size of the 
study area was such that hive location may not have been a factor, or that there were a 
number of hives in the area. Nevertheless, the results showed that honeybee activity, 
particularly nectar foraging, was concentrated at various sites. The occurrence of 
preferred flowering species was an obvious factor contributing to this pattern. 
However, the number of honeybees and plants used by honeybees was also related to 
the percentage cover of bare earth. 
H. trifurcata provided an example of how a species may be intensively used at 
some sites and not at others. Sites lA and lB, which had large numbers of honeybees 
using H trifurcata, had 21 % and 18% cover of bare earth (the highest and joint second 
highest of all sites). On the other hand, sites 1 C and 3A, the only other sites to record 
the presence of H. trifurcata, had only 7% and 4% cover for bare earth and recorded 
no honeybee visits. The plants at sites at 1 C and 3A, in comparison to the other sites, 
flowered poorly. It is possible that, in sites with denser vegetation, competition for 
light, water and nutrients may reduce the flowering prodigality of these plants. This 
would this mean that those sites with less vegetation, or sites in which the plants in 
question are large, and have a higher percentage of projective cover, may flower in 
greater profusion than those at other sites. 
Also, the same greater availability of light water and possibly nutrients may 
result in earlier flowering. If this were true, it would suggest that, not only are there 
temporal patterns in the species used by honeybees, but also differences in the way 
each species was used within a given area. For example, earlier flowering species 
may attract honeybees because floral resources are low whereas those that flowered 
later may receive no honeybee visits because resource preference has changed. This in 
effect would serve to concentrate utilisation on a single species at a particular time and 
also upon individual or groups of plants. This may increase the chance of resource 
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competition, and would concentrate any deleterious, or advantageous, effects of the 
activities of honeybees upon seed production, into specific areas. A concentration of 
honeybee activity resulting in pollen removal from upon single or groups of plants, 
with more abundant floral displays, also has the potential to reduce the rate of pollen 
flow between plants and, consequently reduce the level of outcrossing. This 
hypothesis obviously requires experimental investigation, but unlike many of potential 
effects of honeybees, would not be overly difficult to test. The idea of reduced pollen 
from supports the ideas of Pyke (1990) who concluded that honeybees have reduced 
pollen flow, and reduced seed set in bird pollinated plants. 
4.3 Limitations of the Honeybee Data 
The validity of conclusions drawn between comparisons of honeybee activity at 
different sites is limited for a numbers of reasons. Firstly, and quite obviously, if an 
observation of honeybee activity is made at one site at any given time, a similar 
observation cannot be made at any other site ( or more than one other site in the case of 
two samplers sampling concurrently). Although this does not necessarily affect the 
results for each of the plant species being used, it makes comparisons between sites 
less valid. A preferable approach would be to have all sites sampled concurrently, at 
least once, within each temporal phase. However, this would involve an 
unreasonably large number of observers or some kind of remote sampling technique. 
Remote sampling, such as photographic or video surveillance, would probably be 
possible only for a single species of plant at any given site. 
Secondly, data obtained by recording honeybee activity at selected sites ignored 
much of the rest of the study area. Although the range of sites accurately reflected the 
floristics of the study area, it did not necessarily accurately reflect honeybee activity 
within the area. When honeybee activity occurred in only one or two time intervals 
within a sampling session the picture becomes very much smaller indeed. If they are 
not at the selected sites, honeybees must be foraging somewhere else. A series of 
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transects which were systematically "walked" by one or more samplers may be more 
appropriate for assessing honeybee foraging preferences within an area. This would 
also eliminate the waste of time that occurs in waiting for honeybee arrivals. Pyke and 
Balzer's (1985) introduction of honeybees demonstrated marked differences in results 
between transect and plot methods. However, no explanation was offered by them for 
the differences. 
A system whereby floristic data was collected by a series of transects and then 
mapped, and on to which honeybee utilisation information could be superimposed, 
has the potential to be a more valid way of determining utilisation within an area. 
Two-dimensional floristic, plant density and honeybee density information, 
particularly in relation to hive source, would help to determine more accurate patterns 
of foraging activity. Detailing such activity, and that of native pollinators, is an 
essential first stage in highlighting competitive interaction. 
4.4 Spatial Patterns 
This study documented the number of native pollinators to only one species of 
plant, and therefore, the apparent pattern in invertebrate visits found is relevant only 
for L. polymorphus. It is not known which other species may have been used by the 
floral visitors to this species. Therefore, it is not appropriate to suppose that there 
were more visits to L. polymorphus at some sites because the other species present 
were used by honeybees. It is more likely that, in common with the honeybee utilised 
species, there were more flowers per plant at sites where higher numbers of visits 
were recorded, and that these monitored plants were consequently more successful in 
attracting pollinators, and/or were more resource-rich plants. 
4.4.l The Importance of Quantifying the Resource 
As stated in the results, there are practical problems of quantifying floral 
resources in the field when flowers are small and numerous. Nevertheless, any 
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experiment which attempts to evaluate the effects of resource competition must, in 
some direct way, evaluate differences in resource availability (Paton, 1993) between 
any spatial, temporal or manipulative variables contained within the experimental 
design. Counting flowers should be viewed as the absolute minimum requirement for 
evaluating spatial and temporal resource variation. It might be possible to remove a 
percentage of the flowers at any site in order to quantify resource availability in respect 
to any given set of invertebrate data. However, this would have obvious temporal 
pseudo-replication problems if the same site was sampled more than once. It would 
be more appropriate to determine a fixed relationship between the amount of nectar and 
pollen available and the number of flowers from series of control plants. By sampling 
a temporal sequence of a fixed number of flowers from the selected plants, the number 
of flowers observed in the field could easily be converted to quantities of nectar and 
pollen per plant. Variations in the number of pollinators due to other factors, and most 
specifically resource competition, cannot be conclusively evaluated without detailed 
knowledge of the spatial and temporal variation of the resource. Paton (1993) has 
shown that quantifying the nectar resource availability within an area and determining 
what proportion is used honeybees is a powerful first step in demonstrating 
competition with the native biota. 
Despite the shortcomings in the way that honeybee utilisation was documented it 
is still apparent that plants of the same species can show differences in flowering time 
and profusion in different situations. This may lead to pockets of floral resource 
concentration for some species. The fact that there were generally fewer invertebrate 
visits and more transient (ie. not foraging) honeybees (Figure 3.13) at sites, gives 
additional weight to this theory. This study also demonstrated that the pattern in the 
percentage cover of bare earth and the numbers of plants used by honeybees were 
related to both the numbers of invertebrate visits to L. polymorphus and the number 
and variability of developing seeds. 
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However, what is not evident is the spatial scale upon which this pattern 
operated. Information was collected on the basis of 10 m x 10 m quadrats principally 
because it was appropriate for surveying the major components of the vegetation type. 
The two closest sites, 4B & 4C, (see Figure 2.2) were approximately 30 m apart. Site 
4B recorded 124 invertebrate visits and 4 foraging honeybees, including one foraging 
on the monitored plants, whilst site 4C recorded only 8 invertebrate visits and no 
foraging honeybees. This suggests that any pattern in invertebrate activity, if it is not 
a random or chance phenomenon, is evident at distances less than 30 metres. Detail of 
the spatial variability of a resources might also become apparent in the autecological 
study of a selected group of pollinators. 
4.4.2 Variability in Invertebrate Assembla&es 
Results of the classification and ordination of the invertebrate assemblages 
revealed greater variability in the invertebrates associated with L. polymorphus during 
flowering. This a function of one of two things. Either it is an accurate representation 
of the spatial variability in the faunal assemblages or it suggests that the number of 
samples was insufficient to account for variability within each group. Furthermore, 
sampling the study area by using the five replicate groups, rather than by each of the 
sites, may have created too large a spatial scale for definitive comparison. 
Nevertheless, there are some interesting, but not conclusive, patterns within the 
data. Replicate group 1 ( 113) and replicate group 5 (20) recorded the highest number 
of foraging honeybees and also the highest degree of similarity between their 
flowering and pre-flowering samples (Figure 3.21 & Figure 3.22). The two samples 
for replicate group 5 were the most similar. This was the replicate group with the 
most L. polymorphus plants and highest species richness. Replicate group 2, the 
group with notably fewer bees (particularly sites 2B & 2C), showed the greatest 
variation in its two samples. 
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However, there are also contradictory patterns within the data. The flowering 
sample of replicate group 2, which showed the greatest change between samples, was 
most similar to the flowering sample of replicate group 5, which showed the least 
change (Figure 3.21). However, this may be a floristic influence because the floristic 
TWIN SP AN classification indicated a similarity between sites 2B & 2C with the more 
species rich replicate groups. 
The one species of beetle found in the flowering samples is a potential pollinator 
of the species. The highest numbers of these were found in replicate groups 3 and 4 
which were the most similar of any two flowering groups. This suggests that there 
might be some spatial pattern in the pollinators of the L. polymorphus. 
The numbers of ants were significantly different between the two samples and 
so they too should be considered potential pollinators It is interesting to note that by 
far the highest number of individuals (41) of a single species of ant were recorded for 
site lC. This site was not only the most floristically different site (Figure 3.1 & 
Figure 3.2) but it was also one of four sites which recorded no foraging honeybees. 
Two of the other three sites (2B & 3A) which recorded 5 or more individuals of a 
single species of ant (2B and 3A) also recorded no foraging honeybees. However, 
the overall distribution of ants within the samples presents little evidence of any 
relationship with the number of honeybees. Site lB recorded the same number (6) of 
ants as site 2B, mostly the same morpho-species, but site lB recorded the highest 
number of foraging honeybees while site 2B recorded none. However, sites lB and 
2B were geographically relatively close. 
Clearly, it is difficult to draw conclusions about spatial patterns of, and factors 
relating to, the invertebrate assemblage data with only one sample from each site. The 
replicate group analysis is also problematic. The overall relative variability of the 
flowering samples precludes speculation as to reasons for the variances. However, as 
has been discussed, there is some suggestions of a pattern. A thorough investigation 
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of the reasons for such patterns, and their links to the availability of a floral resource, 
would constitute another project in itself! 
For any subsequent studies, in order to document more systematically spatial 
patterns, it would be better to take clipped samples using a series of transects. Even 
within a relative homogenous area it is apparent that variations will exist. The key to a 
successful appraisal of the variations is the scale on which the differences are 
measured. The scale adopted by this study was appropriate to determine what the 
likely pollinators were, and what temporal changes occurred in the invertebrate 
assemblages of L. polymorphus, but it was not adequate to assess spatial variations in 
relation to other factors. 
Some authors have studied the relative proportions of different pollen species 
used by bees (eg. Bell, 1987, van der Moezel et al., 1987), and Paton (1990) has 
quantified the percentage of pollen and nectar used by honeybees after a varying 
number of visits to flowers. However, in order to examine the finer aspects of 
resource competition, it would be useful to document the spatial and temporal 
distribution of the pollen resource, of pollen-dependent invertebrates and of 
honeybees. This approach, combined with quantifying the amount of the resource that 
honeybees used, could result in some revealing patterns. 
4.4.3 Spatial Variability and Pollination Regimes 
A pattern of spatial and temporal flowering variation and invertebrate density is 
likely to create different pollination regimes for individual species dependent upon 
where and when they flower. The utilisation of species by honeybees in such 
circumstances may lead to a number of different outcomes dependent on the type of 
pollination needed by the plant. Tlie frequency, intensity and spatial concentration of 
honeybees at the flowers of H. trifurcata throughout the study area reinforces the 
arguments of Matthews ( 1984) who highlighted the efficiency of honeybees and 
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likened their activities to grazing. If honeybees are successful pollinators of H. 
trifurcata (there is no evidence to the contrary) which is an insect pollinated species, 
and regenerates only from seed (Wills et al., 1990), it is not unreasonable to propose 
that, for plants such as those at site lB, persistent use by honeybees may lead to an 
increase in seed production. 
An increase in seed production may occur whatever pollination strategy is 
required by H. trifurcata. Although it is not known whether H. trifurcata is capable of 
self pollination, results for other Hakea species (Collins & Rebelo, 1987) suggest that 
it is possible. Nevertheless, the occurrence of two large shrubs close together (as at 
site lB) may still facilitate a greater number of seeds set by intensive honeybee use 
even if the species were obligately xenogamous. 
Wills et al. ( 1990) have demonstrated that frequent burning of sand plain 
vegetation leads to a decrease in the relative percentage cover of post-fire seed 
regenerating species. As has been previously proposed, early, or profuse flowering at 
certain sites, may be symptomatic of a high percentage cover of bare earth. In such 
circumstances any increase in the number of seeds set, because of foraging by 
honeybees, may be reflected in regeneration following fire. A high percentage of bare 
earth at a given site would mean less competition from resprouting species. 
Successful regeneration and consequent flowering of more individuals, as a result of 
an increase in seed production, would lead to a further increase in floral resources at 
the given site, and therefore, attract more honeybees. Given sufficient time between 
fires for plants to mature and add to the seed bank, there is clearly a potential for a 
cyclical process to establish. However, a long absence between fires might reduce the 
effect of increased recruitment. Large clumps of H. trifurcata bushes were present in 
the study area. A group of six or so mature plants (-2.5 m high) was present between 
sites 4A and 4B. These plants accounted for the unusually high number of transient 
bees seen at site 4A. This potential effect of promoting clumps of plants due to the 
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preferential foraging of honeybees would be increased if honeybees were displacing 
natural pollinators, and progressively accounting for a higher proportion of floral 
visits to affected plants. 
Wills et al., (1990) suggest that Dryandra sessilis is a species which may be 
predisposed to any possible deleterious effects of foraging by honeybees. The species 
is obligately xenogamous (Collins & Rebelo, 1987), is pollinated mainly by birds and 
also regenerates from seed (Wills et al., 1990). Birds preferentially forage on 
clumped plants and generally avoid solitary plants (Wills et al., 1990). Although there 
are known deleterious effects of honeybees foraging on this plant (Wills et al., 1990) 
present a plausible scenario of how this may occur. Honeybees, that preferentially 
forage on those species with a high percentage of projective vegetative cover, would 
probably move less frequently between plants, than nectar feeding birds. This would 
be true whether honeybees were foraging for pollen or nectar. Not only would this 
mean that the use of D. sessilis by honeybees could lead to potentially lower rates of 
outcrossing, but it would also reduce the amount of pollen available for honeyeaters, 
the legitimate pollinators. Any pollination strategy that reduced seed set in D. sessilis 
plants, and tended to perpetuate individual plants rather than groups, would affect 
honeyeaters because of their preference for foraging on grouped plants (Wills et al., 
1990). One D. sessilis plant was within the sites (4C) and recieved no honeybees 
visits, although incidental observation of the species use were made. 
The two scenarios outlined above are to some extent dependent upon frequent 
fire. Not only will frequent regeneration accelerate any effects of an altered pollination 
regime, but appropriately spaced fires can also cause a reduction in the percentage 
vegetative cover of reseeding species (Wills et al., 1990). If areas are to support the 
same densities of honeybees, and reseeding plants such as D. sessilis and H. trifurcata 
are reduced in number or size (ie. a diminished floral resource), then, it logically 
follows that more bees will seen at fewer flowers. This will serve to increase both 
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competition and any effects upon seed setting in affected plants. 
4.5 Environmental Factors 
There was clearly a relationship between temperature and the foraging activities 
of honeybees and other invertebrates. This serves to concentrate activity in temporal 
phases, particularly in winter, and therefore, acts to increase the chances of resource 
competition not decrease them. Some species which flower only for a short time may 
receive visits from pollinators in short bursts related to climatical factors. 
Furthermore, particular species which are beneficial or essential pollinators may only 
visit when conditions are suitable. Dependent upon climatic conditions, pollination, 
by the visitation of legitimate pollinators, may occur as a series of events rather than as 
continual process. This verifies Paton's (1995) suggestion that Pyke & Balzer's 
(1985) results had been affected by variation in sampling days. There is obviously an 
inherent difficulty in conducting a controlled experiment designed to test the response 
of selected taxa to one variable (eg. the removal of honeybees) when even the small 
variations in field conditions influence the results. 
Honeybees forage in greater numbers and earlier in the day than many insects 
(Matthews, 1984). Therefore, an increase in honeybee and other invertebrate activity 
due to climatical factors, increases the chance that honeybees will remove pollen from 
particular plants before they are visited by legitimate pollinators. This has greater 
implications if the plant has evolved self-incompatibility processes related to the timing 
of stigma receptivity, because the temporal opportunities for pollination by legitimate 
pollinators are reduced. Furthermore, a plant may present pollen as a result of the 
same climatical or microclimatical factors that both honeybees and legitimate 
pollinators enjoy. 
The total number of honeybees was negatively correlated with the mean wind 
speed on each of the sampling sessions. No such relationship was found between the 
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numbers of invertebrate visits to the monitored plants. This, coupled with the 
relationship between temperature and the number of invertebrates, suggests that 
microclimatical factors were important in determining visitation to plants. These 
microclimatical factors might also be related to the percentage cover of bare earth and 
the numbers of plants used by bees. Sites with bare earth, as well as facilitating earlier 
or more profuse flowering, may also have provided a warmer environment. This in 
tum may have provided a stimulus for flowering and consequently attracted more 
pollinators. Wind factors may not have been important for the pollinators of L. 
polymorphus because it is a relatively small shrub, and is therefore low in the 
vegetative strata, and sheltered. Wind speeds were recorded at -1.7 m from the 
ground and not at plant height. In addition, on days when two samples were made, 
one set of readings was used for both sites. This method may not have provided for 
an accurate assessment of native pollinators in relation to wind speed. 
The spatial patterns present in the number of invertebrate visits may be a direct 
response to micro-climatic factors or they may a reflection of floristic responses to 
such factors. Nevertheless, they are an important measure of pollinator activity and 
the way in which they change, throughout the flowering period of a plant, should be 
an important consideration in the pollination studies of insect pollinated plants. 
4.5 The Importance of Pollinators 
The results suggest that pollinators are essential to L. polymorphus for the 
production of seeds. No developing fruit was found on any of the permanently netted 
plants in the isolation trial. Without development of fruit, the corolla tube remained 
attached to the plant. Whereas plants in the field were surrounded by discarded 
corollas (sometimes forming a distinct white layer under the plant), the isolated netted 
plants showed no sign of corolla drop. 
It was not possible to tell conclusively if the plant is capable of self-pollination 
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or not. Although there were no developing fruit in the frames with one netted plant, 
there were no mobile pollinators either. Furthermore, the frames which contained two 
netted plants also had no developing fruit. Wyatt (1983) indicated that an absence of 
maturing fruit is characteristic of outcrossers. If any developing seed had been found 
in fruit on the individually netted, isolated plants it would have suggest intrafloral self 
pollination. 
Although there may be no genetic self-incompatibility mechanism, it is possible 
that plant is protandrous or protogynous. It is relatively easily to determine these 
characteristics by testing for the timing of stigma receptivity and pollen viability on a 
series of individual flowers. For large flowers this is easily done in the field by the 
use of various pre-prepared reagents and test papers (Dafni, 1992) However, the size 
of the flowers, and the way in the flowers formed tight, terminal clusters, precluded 
this approach for L. polymorphus. Furthermore, accurate testing for the timing of 
stigma viability in such a small, and potentially protandrous flower, involves 
emasculation prior to anthesis (Dafni, 1992). This would be extremely difficult, if not 
impossible for L. polymorphus because, due to the proximity of the floral parts, 
removal of the anthers would almost certainly have damaged the stigma. The 
importance of the timing of pollen viability and stigma receptivity are of consequence 
to the study of the effects of honeybees upon pollination of a plant. For species of 
plants whose pollen is only viable for a short time (eg. B. menziesii, Ramsey & 
Vaughton, 1991) concentrated foraging on single plants, by honeybees early in the 
day, would dramatically reduce the quantities of interplant pollen. If honeybees 
bypassed the legitimate pollination mechanisms of the plant in question, and/or the 
plant was genetically self incompatible, it would result in a dramatic reduction in seed 
set. 
In the field sites, there was a relationship between the number of recorded visits 
to plants and the mean number of seeds set. The importance of pollinators is 
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reinforced by the fact that two unnetted plants recorded the highest number of 
developing seeds. The other unnetted sites all have possible explanations as to why 
seed numbers may be low. Site 3A was late in flowering (Section 2.6.1), site 4A had 
very few flowers and no fruit, and site 5A, although it received fifty-four recorded 
visits, they were to six plants (Appendix 3). Individual foraging behaviour was not 
documented, therefore, inference as to the need for cross pollination from the results 
of the field trials is not conclusive . However, the relationship between the number of 
visits to the plants suggests that pollen transfer between plants is needed for 
pollination. 
The three sites which had recorded no invertebrate visits to plants showed very 
little evidence of fruit and virtually no seed development. Three of the sites, which 
flowered later than the others (2B, 4A, & 4B), recorded the lowest numbers of 
developing seeds. The fruit examined for seed content would have developed from 
the first flowers that appeared on the monitored plants, and probably as a result of 
pollination from those visits recorded in the initial sampling phases. This would 
explain the lack of fruit at the later flowering sites. Some fruit appeared to contain no 
developing seed which is not consistent with the theory that pollination is required to 
stimulate fruit development. However, these were also mainly at sites which flowered 
later (eg. site 2B) or had very low numbers of invertebrate visits (eg. lC & 2C). 
The fact that the fruit examined probably developed from early pollinating visits 
leads, to another line of supposition. It has been demonstrated that the number of 
invertebrate visits increased during the sampling period and (pictorially) that the 
number of flowers also increased. Therefore, those insects that foraged in earlier 
sampling phases would have had to visits more plants. This could lead to a higher 
level of pollen flow between plants in the earlier stages of flowering, particularly as 
dipterans were the dominant pollinators in the stages. The large number of flowers 
produced by the plant may be indicative of a capacity for cross pollination (Wyatt, 
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1983). If L. polymorphus requires cross-pollination, the fact that the number of visits 
to flowers increased, and therefore that movement between plants possibly decreased, 
in later stages of the study, suggest that it is possible that the levels of seed setting 
found in this study were higher than the overall level of seed production. Therefore, if 
L. polymorphus had flowered sooner, as had been expected, and consequently 
received more visits by honeybees due to fewer alternative resources, the level of 
interplant pollen movement, the level of outcrossing and the number of seeds set, 
relative to that period of flowering, would have increased. This hypothetical example 
illustrates how individual, preferred plants, that flower earlier due localised factors, 
and which do not in themselves provide a large resource, may benefit from increased 
pollination due to higher levels of outcrossing facilitated by intense utilisation by 
honeybees. However, that is not say that native pollinators would not provide the 
same services. Nevertheless, as the attributes of honeybees as detailed by Matthews 
(1984) (see Section 1.3.2) suggest, it would be more likely in the case of honeybees. 
4.6 Summary 
This study demonstrated a pattern in the honeybee use of plants for pollen. 
Nectar foraging activity was almost exclusively confined to one species of plant, and 
both nectar and pollen foraging were concentrated at some sites, due to the occurrence 
of some preferred species and probably to a number of site characteristics. Activity at 
the flowers of preferred plant species was related to the flowering phenology of the 
area. Those species which habitually flower first at the start of winter, and are 
preferred by honeybees, are predisposed to the potential detrimental or beneficial 
effects of honeybee foraging activity. 
Increased or reduced seed set in individual plants may result in changes to the 
floristics of an area. The intensive use of some reseeding species by honeybees, could 
lead to their spatial concentration. Alternatively, honeybees could reduce the level of 
pollen flow between obligately xenogamous species, leading to reduced seed set and 
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less closely distributed plants. There is also evidence of similar spatial patterns in the 
distribution of both native pollinators and honeybees. These patterns may be related to 
phenology and prodigality of flowering in individual plants and/or microclimatical 
conditions. This may increase the likelihood of competition between native 
invertebrates and honeybees. 
Future research needs to determine which species are consistently used by 
honeybees, their pollination ecology and the proportion of the resource, available from 
these species, that honeybees use. There is the potential for the collection of such data 
on appropriate temporal and spatial scales, combined with similar data on the 
distribution of invertebrate taxa, to be useful in highlighting instances of resource 
competition. 
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5 CONCLUSIONS 
This study provides further evidence to support Wills et al. ( 1990) who 
suggested that phenological factors are important in determining which species of 
plants are most likely to be adversely or beneficially effected by honeybees. The study 
showed that the temporal availability of floral resources serves to concentrate the 
numbers of honeybees. 
It was demonstrated that the study area had a high degree of floristic similarity 
(Objective 1, p 26). Therefore, it can be concluded that honeybee activity was 
concentrated upon a narrow range of plant species and upon individual plants. 
Honeybees have clear foraging preferences and microclimatical conditions, and 
varying floral displays concentrate the numbers of honeybees at particular plants of 
preferred species. This was evident despite low numbers of bees. A series of 
temporal studies for a given area, or vegetation community, would further highlight 
those species which are predisposed to honeybee use because of their flowering 
phenology. Detailed information about the pollination biology and other potential 
pollinators of these species is essential in order to determine the likely effects of high 
levels of honeybee use. 
Because of limitations in the way that the honeybee data were gathered, it is 
speculative to suggest that the utilisation of L. polymorphus by honeybees occurred in 
a gap between the flowering of two other plant species (Objective 3, p. 27). 
However, it is likely that the intensity of its use would increase given higher densities 
of honeybees. 
A temporal pattern of activity was more evident in the plants used for pollen. 
Concentrated activity upon single species and single plants is likely to alter the rates 
and amounts of interplant pollen transfer. This further highlights the need for studies 
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of the pollination ecology of plant species predisposed to annually recurring intensive 
use. 
This study set out to determine the factors affecting both honeybee and other 
invertebrate visits to plants (Objectives 2 & 4, p. 26 & 27). There is preliminary 
evidence to reaffirm the conclusions of others who suggest that competition for 
resources will be more evident at times when the pollen and nectar resources are 
scarce. For plants species that flower under such circumstances, it is likely that 
differing floral displays and favourable microclimatical conditions will lead to the 
concentration of honeybees, and some native invertebrate taxa, in specific areas. This 
is likely to create clear and describable patterns of resource distribution and 
invertebrate activity within a given area, and implies that resource competition is more 
likely. 
There were clear changes in the invertebrate assemblages of L. polymorphus that 
coincided with the species flowering. The increase in the abundance of two orders 
(Hymenoptera and Coleoptera) was attributed to the presence of a floral resource 
(Objective 5, p.27). The previously described spatial patterns in invertebrate activity 
was complemented by variability in the invertebrate assemblages of L. polymorphus. 
This, combined with phenological factors, suggests that specific invertebrate taxa may 
be vulnerable to the effects of resource competition with, or the aggressive behaviour 
of, honeybees. Research should concentrate upon those taxa which have a similar 
foraging niche as honeybees, particularly those species which visit only a few taxa. It 
should also not be forgotten that, even if there are adequate resources for all foragers, 
if a native pollinator alters its foraging preference from one species to another, in the 
presence of honeybees, it may change the pollination regimes of the plant species 
concerned. The consequences of such a shift would be more profound if either of the 
plant species concerned had pollination requirements that were not met by either the 
honeybees or the native pollinator. 
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The study has demonstrated, in a preliminary way, that pollinators and, 
therefore, the transfer of pollen, is essential for seed production of L. polymorphus 
(Objective 6, p.27). Although limited observations of honeybee utilisation of the 
species were made, it is evident that honeybees have the potential to remove a large 
proportion of the pollen. Honeybees used more L. polymorphus plants than any other 
plant species. Not only is it likely that, under different phenological conditions, 
honeybee activities would reduce the amount of pollen available to native pollinators, 
but also that their capacity to remove and carry more pollen would certainly result in a 
different frequency of interplant movements from those which occurred prior to the 
introduction of honeybees. 
Any effects of resource competition should be detectable in the spatial 
distribution of affected species. The key element essential to demonstrating this is to 
design an experiment that samples the resource, and those animals that depend upon it, 
at an appropriate spatial scale. This study has demonstrated high relative variability in 
invertebrate communities at the time of flowering. Therefore, adequate samples are 
needed in order to separate natural variability in pollinator density from those which 
might occur as a result of honeybees. 
The potential effect upon the nectar feeding birds of the area is highlighted by the 
fact that two species of plant within the study area (Banksia menziesii and 
Calothamnus sanguineus) were the only detected nectar source in the months 
preceding the study. These are primarily vertebrate pollinated species, and B. 
menziesii is also used as a pollen resource by honeybees at a time when pollen 
resources are scarce. The pollination ecology of this species is relatively well known 
and therefore there is scope for a detailed study of the effects of honeybees upon the 
pollination ecology and pollinators of this species. 
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5.1 Contribution to the Management of Conservation Areas 
Studies have found that honeybees remove large quantities of pollen and nectar 
and that they are successful pollinators of many species. In this study, and others, 
honeybees foraged upon a number of species that regenerate from seed, and given the 
numbers of honeybees at some plants, they possibly constitute an important source of 
pollination for these species (assuming, as is likely, that honeybees were capable of 
pollinating the species). Given that the percentage cover of reseeding species is 
reduced in areas where fires are frequent, it may be premature to say that honeybees 
should be removed or controlled in some areas where, due to human perturbations, 
natural rates of pollination may be low. Honeybees might very well be providing an 
additional and essential pollination service to partially degraded ecosystems that are 
subjected to a fire regime which is more frequent than that in which they evolved. 
There is an obvious link between the number of seeds produced by a plant and the 
number of individuals recruited. Management techniques that disturb natural areas 
have the potential to alter the spatial distribution of pollinators. 
This study has found that honeybees have the potential, by increasing or 
reducing the number of seeds set, to change subtly the floristic and structural 
composition of vegetation in areas where foraging activities are highest. Dependent 
upon the availability of resources, the pollination ecology of the species and the need 
for honeybees to make interplant movements, high densities of honeybees may 
promote grouped or single plants. This tendency to promote either grouped or single 
plants may be enhanced by implementing fire regimes other than those which existed 
in pre-European times. The effects of changed pollination regimes and difference 
frequencies of fire may bring about further subtle changes in phenology, due to subtle 
differences in floristics and vegetative structure. Consequently, this may further 
temporally and spatially concentrate pollinator activity and, therefore, further increase 
competition between native pollinators and honeybees. 
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It is evident then, that a precautionary approach should be taken. The 
management of honeybees in relation to natural areas is a complex and sometimes 
contentious issue. Successful management must depend upon detailed knowledge of 
the floristics, and the precise flowering phenology of an area, and which species are 
preferred by honeybees. This information in generally lacking and this, combined 
with the amount of resources needed to tackle the problem of feral honeybees on a 
practical level, is probably why the control of feral honeybees appears to be a low 
management priority. 
Western Australia will become increasingly dependent upon its nature 
conservation areas. In the future, a higher proportion of them will contain rare flora. 
There is an obvious and urgent need to ensure that no relationships exist between the 
presence of honeybees and threatened flora or their natural pollinators. Furthermore, 
it should be recognised that, until there is evidence to suggest otherwise, the feral 
honeybee, like its more conspicuous vertebrate counterparts, is a threat to nature 
conservation values. 
For management of areas such as Yanchep National Park, it will be difficult to 
isolate those changes that have occurred as a result of a long history of honeybee use 
and those which have arisen as a result of the many perturbations of recent human 
activities within the area. The only way to measure this would be to monitor long term 
changes in selected plant and animal taxa due to the removal of honeybees. In the light 
of the current lack of conclusive information, it should, at least be ensured that feral 
honeybee activity does not increase above present levels. Furthermore, management 
practices should not promote changes to the floristics of the Park in a way that may 
increase in abundance those species that, after urgently needed research, can be 
demonstrated to produce greater numbers of seed. In the presence of some fire 
regimes, this will serve to promote those species that bees prefer, and therefore, 
maintain ever increasingly higher densities of bees. 
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In natural areas with high conservation value that have little history of honeybee 
activity, or from which honeybees are essentially absent, every effort should be made 
to ensure that feral honeybee populations do not become established. This may 
involve excluding beekeeping from adjacent areas. Not only should such areas be 
conserved for a whole plethora of ecological and social reasons, but, in the future, 
these areas may be important in determining any changes the honeybee has brought to 
the Australian biota. Failure to adopt a precautionary approach now will preclude any 
rational management in the future. 
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APPENDIX IA. 
List of the plant species included in the TWINSPAN analysis. Heights categories are given for each 
species at each site. Flowering details ( adapted from Bennet & 1987 & Marchant et al., 1987 in light 
of this study) and life-form are also included. For modified Braun-Blanquet cover values for each site 
see Table 3.2. 
Sl1E 
FAMILY lA 1B lC 2A 2B 2C 3A 3B 3C 4A 4B 4C 5A 5B 5C 
Species lF Ff s H H H H H H H H H H H H H H H 
AN1HERICACEAE 
Laxmarmia sessilijlora HE My-Ju p 1 2 1 1 1 
CASUARINACEAE 
Allocasuarina hwnilis SH My-No D 6 6 5 6 4 6 6 7 5 5 6 7 6 7 
CYPERACEAE 
Mesomelaena stygia SE Ma-Ap P 4 4 4 4 4 4 4 4 4 4 3 4 4 4 4 
DASYPOGONACEAE 
Calectasia cyanea SH Ju-Se D 3 
Dil.1.ENIACEAE 
Hibbertia hypericoides SH Ap-No PD 4 4 5 4 4 5 4 5 5 4 4 4 4 4 4 
H. hueglii SH Au-No D 3 3 3 2 2 3 3 3 3 2 2 2 
EPACRIDACEAE 
Andersonia lehmanniana SH Ju-Oc PD 3 2 3 3 3 2 2 2 
Conostephiwn pendulwn SH Ju-Se PD 4 4 4 3 4 3 3 5 
Leucopogon polymorphus SH Ju-Oc D 4 3 4 4 4 4 4 3 3 4 4 4 4 3 3 
Lysinema ciliatum SH Ju-Oc D 5 5 5 6 
HAEMODORACEAE 
Conostylis aculeata HE Se-Oc 3 3 3 3 2 2 2 2 2 3 2 2 2 
C. teretifolia HE Jy-? D 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 
IRIDACEAE 
Patersonia occidentalis HE Se-Oc 3 3 3 3 
LORANIHACEAE 
Nuytsia jloribunda 1R No-Ja 3 3 5 8 9 4 8 5 
MIMOSACEAE 
Acacia pulchella SH Ju-Oc D 6 6 7 7 4 5 5 5 4 6 7 5 6 
A. sphacelata SH Ju-Oc PD 4 3 3 2 5 2 3 5 
MYRTACEAE 
Calothamnus sanguineus SH Ma-Oc PD 5 5 5 5 5 5 5 5 5 5 5 5 5 5 5 
Calytrix angulata SH Se-De 3 2 
Eucalyptus todtiana 1R Fe 7 9 
Leptospermwn spinescens SH Se-No 4 4 4 3 3 3 4 4 
PAPILIONACEAE 
Gompholobiwn aristatum SH Se-De 3 3 3 3 3 4 4 3 2 4 2 3 3 4 
Hardenbergia comptoniana CL Ju-Se D 7 
Hovea trisperma SH Ju-Se p 3 
Hovea pungens SH Ju-Se D 4 4 4 4 
Oxylobium capitatum SH Ju-Se D 3 4 4 4 4 4 4 
PROIEACEAE 
Banksia attenuata 1R Se-Fe 9 9 9 9 9 9 9 9 9 9 9 9 9 9 9 
B. menziesii 1R Fe-Au PD 9 9 9 7 8 9 7 8 6 8 8 9 9 
Dryandra nivea SH My-Se D 3 
D. sessilis SH My-No D 6 
Hakea costata SH Ju-Oc D 6 6 2 4 5 6 5 5 5 5 5 4 
H. prostrata SH Au-No 8 
H. ruscifolia SH De-Ma 3 6 5 7 4 6 5 3 
H. trifarcata SH Jy-Oc D 7 6 4 6 
Persoonia comata SH No-Fe 4 3 3 3 4 
Petrophile linearis SH Se-No 3 2 3 4 3 
P. macrostachya SH Au-No 5 4 5 5 4 6 5 4 4 5 4 4 4 4 6 
P. serruriae SH Au-No 6 
Stirlingia latifolia SH Au-Oc 3 3 
RHAMNACEAE 
Cryptandra pungens SH Ju-Oc PD 3 3 3 3 1 2 3 2 4 2 2 
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STIE 
FAMILY lA 1B lC 2A 28 2C 3A 38 3C 4A 48 4C 5A 58 SC 
Species IF Ff s H H H H H H H H H H H H H H H 
XANI'HORRHOEACEAE 
Xanthorrhoea preissii SH Au-No 7 8 6 5 6 7 8 3 7 8 7 5 5 5 4 
ZAMIACEAE 
Macrozamia riedlei CY Se-Oc** 3 5 5 6 6 4 
UNKNOWN 
Unidentified Species HE ? 
SPECIES RICHNESS 21 18 18 20 21 23 20 21 20 27 20 25 27 25 29 
Ff=Flowering Time * Flowers only after fire; ** Pollen shecl. 
S= Flowering details for the study area: P=before July 27; D=July 27 - September 4. 
H = Height (metres). 
(1=0-0.05; 2=0.05-0.2; 3=0.2-0.5; 4=0.5-1; 5=1-1.5; 6=1.5-2; 7=2-2.5; 8=2.5-3; 9=>3). 
LF = Llfeform (T = Tree; SH= Shrub; CY= Cycad; HE= Herb; SE= Sedge; RU= Rush; CL= Climber). 
APPENDIX IB. 
List of the plant species, principally geophytes and annuals, that occurred in one or more sites but 
were excluded from the TWINSPAN analysis. For key see Appendix lA. 
FAMILY 
Species IF Ff s 
AN'IHERICACEAE 
Sowerbaea laxiflora HE Au-Oc D 
COLCIDCACEAE 
Burchardia umbellata HE Au-Oc D 
CYPERACEAE 
Lepidosperma leptostachyum SE Jy-Se D 
DROSERACEAE 
Drosera erythrorhiza HE Ma-Jy* 
D. macrantha HE Ju-Oc D 
Drosera pallida HE Au-No D 
HAEMODORACEAE 
Anigozanthos humilis HE Au-Oc D 
IRIDACEAE 
Gladiolus caryophyllaceus HE Au-Oc 
ORCIDDACEAE 
Caladenia flava HE Au-Oc D 
C. latif olia HE Au-Oc D 
Elythranthera brunonis HE Se-Oc D 
Lyperanthus nigricans HE Au-Oc* 
Pterostylis vittata HE Ju-Au D 
RESTIONACEAE 
Lyginia barbata RU Au-Fe p 
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APPENDIX lC. 
List of the plants species seen in the study area that flowered between early April & September, but 
were not present at any site, and were recorded as a result of opportunistic sampling. For key see 
Appendix lA. 
FAMILY 
S12ecies LF Ff s 
EPACRIDACEAE 
Alstroloma macrocalyx SH Ap-Jy D 
Leucopogon conostephioides SH Ap-Au p 
Leucopogon propinquus SH Fe-Jy p 
MYRTACEAE 
Calothamnus quadrifidus SH Au-De D 
PAPil.JONACEAE 
Mirbelia spinosa SH Au-Oc D 
PROIEACEAE 
Hakea lissocarp_ha SH Ju-Se D 
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APPENDIX 2. 
Times and dates of the 75 sampling sessions. The sessions were divided into 5 sampling phases and 
sites were sampled in random order within each phase. Mean temperature and wind speed are given for 
each session. Where 2 sites were sampled concurrently, the readings taken by the author (SJ) are used. 
Time was spent travelling between sites so the times stated are to the nearest 15 minutes. The 
number of flowering Leucopogon polymorphus plants at each 10 m x 10 m site and the number and 
height of each monitored flowering plant (1.2 m x 1.2 m quadrat) are given. 
SAMPLING DEfAILS TEMPERATURE °C WIND SPEED mis FLOWERING L. POL YMORPHUS PLANTS 
Site Date Time ID Mean St.Dev. Mean St.Dev. # at Site Height cm of monitored plants# 
IA 27-Jul 1315 SJ 24.25 2.63 1.00 0.91 I 79 
I-Aug 1230 SJ 20.25 1.26 0.50 0.00 2 79 1 
11-Aug 1130 SJ 24.25 I. 71 0.25 0.29 4 79 
14-Aug 1300 PW 23.75 0.50 0.38 0.48 5 79 
28-Aug 0950 SJ 30.00 1.41 0.00 0.00 6 79 
1B 28-Jul 0930 SJ 21.75 1.26 3.13 0.63 I 70 1 
3-Aug 1230 SJ 21.75 0.50 0.25 0.29 2 70 1 
7-Aug 1300 SJ 23.25 0.50 4.38 1.11 2 70 
14-Aug I 000 SJ 23.75 1.26 2.00 0.00 4 70 43 2 
27-Aug 1430 SJ 25.25 1.26 0.25 0.50 5 70 43 2 
IC 31-Jul 1000 PW 18.50 1.00 0.25 0.29 5 42 68 2 
4-Aug 1200 GB 21.25 0.50 1.25 0.50 7 42 68 2 
7-Aug 0945 PW 18.25 0.96 3.50 0.41 8 42 68 26 48 4 
14-Aug 1130 SJ 23.75 0.50 0.25 0.50 9 42 68 26 48 4 
25-Aug 1130 PW 16.75 1.50 3.38 2.06 9 42 68 26 48 35 5 
2A 31-Jul 1330 SJ 18.50 0.58 2.63 0.75 4 56 24 2 
4-Aug 1200 SJ 28.50 2.08 2.13 1.03 4 56 24 2 
IO-Aug 1430 SJ 23.50 2.08 0.63 0.63 6 56 24 43 3 
14-Aug 1000 PW 22.50 4.04 2.00 0.00 6 56 24 43 3 
21-Aug 1130 PW 19.75 1.50 2.38 2.75 6 56 24 43 3 
2B IO-Aug 1000 SJ 17.00 0.82 0.75 0.65 2 45 
15-Aug 1315 SJ 23.75 1.26 1.63 0.48 3 45 33 2 
28-Aug 1300 SJ 28.00 1.83 1.75 1.04 3 45 33 2 
4-Sep 1130 SJ 24.75 0.96 0.63 0.48 3 45 33 2 
IO-Sep 1015 SJ 24.75 1.50 0.38 0.48 3 45 33 2 
2C 31-Jul 1130 PW 22.25 0.50 0.88 1.11 3 42 
2-Aug 1130 SJ 19.00 0.82 I.CO 0.41 3 42 
I I-Aug 1130 PW 20.50 0.58 0.25 0.29 5 42 41 2 
18-Aug I 000 PW 21.75 1.89 0.00 0.00 6 42 41 2 
21-Aug 1130 SJ 19.25 4.03 2.38 2.75 6 42 41 2 
3A 1-Aug 1100 SJ 19.50 1.29 0.13 0.25 4 59 1 
7-Aug 0945 SJ 21.50 1.00 3.50 0.41 6 59 60 2 
16-Aug 1000 SJ 24.50 1.91 2.13 2.39 21 59 60 2 
21-Aug 1000 SJ 19.25 2.22 0.25 0.29 22 59 60 2 
4-Sep 1300 SJ 23.75 2.63 1.88 0.48 25 59 60 54 3 
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SAMPLING DETAILS 1EMPERATURE °C WIND SPEED mis FLOWERING L. POL YMORPHUS PLANTS 
Site Date Time ID Mean St.Dev. Mean St.Dev. # at Site Height cm of monitored plants# 
3B 28-Jul 1100 SJ 23.50 1.29 1.88 1.11 6 37 
3-Aug 1100 SJ 21.50 1.29 0.75 0.87 7 37 
4-Aug 1345 SJ 25.25 0.96 1.25 1.19 7 37 1 
15-Aug 1145 SJ 23.25 2.06 0.13 0.25 11 37 38 2 
25-Aug 1130 SJ 16.75 0.50 1.63 0.63 16 37 38 2 
3C 27-Jul 1015 SJ 21.25 0.96 0.25 0.29 1 53 1 
3-Aug 0930 SJ 19.75 1.26 1.13 1.03 2 53 1 
10-Aug 1130 SJ 21.25 1.50 0.63 0.63 2 53 1 
21-Aug 1000 PW 18.00 0.00 0.25 0.29 2 53 
27-Aug 1130 SJ 29.75 0.50 0.75 0.65 3 53 1 
4A 4-Aug 1015 SJ 22.00 2.94 2.50 1.08 2 37 
11-Aug 1000 PW 21.00 1.41 0.13 0.25 6 37 61 2 
18-Aug 1130SJ 23.00 2.45 0.00 0.00 6 37 61 2 
21-Aug 1300 SJ 17.25 0.50 4.00 1.41 7 37 61 2 
10-Sep 1145 SJ 25.50 1.73 1.25 0.29 6 37 61 2 
4B 31-Jul 1130 SJ 19.00 0.82 0.88 1.11 28 53 36 28 45 16 34 6 
4-Aug 1015 GB 21.75 2.87 2.50 1.08 31 53 36 28 45 16 34 6 
7-Aug 1130 SJ 24.50 0.58 4.25 0.96 36 53 36 28 45 16 34 6 
14-Aug 1315 SJ 27.75 0.50 0.38 0.48 44 53 36 28 45 16 34 6 
27-Aug 1000 SJ 27.00 1.83 0.00 0.00 46 53 36 28 45 16 34 6 
4C 2-Aug 1030 SJ 20.25 0.50 1.25 0.29 7 49 1 
11-Aug 1000 SJ 24.00 1.41 0.13 0.25 13 49 68 2 
18-Aug 1130 PW 23.25 0.50 0.00 0.00 13 49 68 2 
28-Aug 1430 SJ 25.50 1.29 1.63 0.48 18 49 68 2 
4-Sep 1000 SJ 22.25 2.06 0.00 0.00 18 49 68 2 
5A 27-Jul 1300 GB 22.25 2.63 1.00 0.91 14 61 43 2 
1-Aug 0930 SJ 16.50 2.08 0.75 0.87 17 61 43 2 
10-Aug 1300 SJ 24.75 1.26 1.13 0.63 32 61 43 37 32 4 
14-Aug 1130 PW 23.25 0.50 0.25 0.50 34 61 43 37 32 31 31 6 
27-Aug 1300 SJ 31.25 0.50 1.38 1.25 48 61 43 37 32 31 31 6 
5B 31-Jul 1000 SJ 19.50 3.32 0.25 0.29 10 56 1 
2-Aug 1400 SJ 18.00 1.41 0.38 0.48 10 56 23 2 
7-Aug 1130 PW 22.00 0.82 4.25 0.96 15 56 23 60 3 
15-Aug 1000 SJ 23.00 0.82 0.38 0.75 22 56 23 60 3 
28-Aug 1130 SJ 30.25 1.26 0.00 0.00 33 56 23 60 3 
5C 27-Jul 1015 GB 25.00 0.82 0.25 0.29 6 38 1 
4-Aug 1345 GB 22.75 2.22 1.25 1.19 9 38 34 34 3 
7-Aug 1300 PW 22.50 1.29 4.38 1.11 16 38 34 34 3 
18-Aug 1000 SJ 18.75 2.63 0.00 0.00 25 38 34 34 3 
21-Aug 1300 SJ 21.25 3.95 4.00 1.41 25 38 34 24 3 
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APPENDIX 3. 
The number of honeybees and other invertebrates recorded during each sampling session. Honeybees 
seen in the 10 m x 10 m quadrat were counted in discrete 15 minute sampling intervals throughout 
each 90 minute sampling session. The absolute number of visits other invertebrates to the monitored 
L. polymorphus plants in the 1.2 m x 1.2 m quadrat were also recorded. The plant species and the 
number of plants used by honeybees at each sampling session are given. The 2 honeybee visits to 
monitored plants are included in the overall honeybee data for the session. 
Sl1E& HONEYBEE PLANT SPECIES NUMBER OF INVER1EBRA1E VISITS 
PHASE DATA UTILISED TO NUMBER OF MONITORED PLANTS 
For Tra Tot Species name # Honeybees Others Plants 
IA 1 0 0 0 0 0 
2 2 0 2 Acacia sphacelata 1 5 1 
3 7 0 7 Hakea trifurcata 2 20 1 
4 0 3 3 4 1 
5 2 0 2 Hakea trifurcata 1 29 1 
5 5 0 5 Hakea costata 1 
Total 16 3 19 3 4 58 1 
1B 1 3 1 4 Hakea trifurcata 1 0 0 
2 57 0 59 Hakea trifurcata 2 17 1 
2 2 0 2 Leucopogon polymorphus 1 1 1 
3 16 0 16 Hakea trifurcata 2 2 1 
4 18 0 18 Hakea trifurcata 2 12 2 
4 1 0 1 Acacia pulchella 1 
5 0 0 0 14 2 
Total 97 1 98 3 4 1 45 2 
lC 1 0 1 1 0 0 
2 0 0 0 0 0 
3 0 0 0 0 0 
4 0 1 1 6 2 
5 0 0 0 3 3 
Total 0 2 2 0 0 9 3 
2A 1 0 0 0 3 1 
2 2 0 2 Acacia pulchella 2 26 1 
3 1 0 1 Acacia pulchella 1 16 2 
4 0 0 0 1 2 
5 0 0 0 1 2 
Total 3 0 3 1 2 47 2 
2B 1 0 0 0 0 0 
2 0 1 1 0 0 
3 0 0 0 0 0 
4 0 0 0 0 0 
5 0 0 0 0 0 
Total 0 1 1 0 0 0 0 
2C 1 0 1 1 0 0 
2 0 3 3 0 0 
3 1 0 1 Leucopogon polymorphus 1 0 0 
4 0 3 3 0 0 
5 0 1 1 0 0 
Total 1 8 9 1 1 0 0 
3A 1 0 0 0 0 0 
2 0 0 0 1 1 
3 0 0 0 4 1 
4 0 0 0 2 1 
5 0 0 0 34 3 
Total 0 0 0 0 0 41 3 
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SITE& HONEYBEE PLANT SPECIES NUMBER OF INVER1EBRA1E VISITS 
PHASE DATA UlillSED TO NUMBER OF MONITORED PLANTS 
For Tra Tot Species name # Honeybees Others Plants 
3B I I 0 I Calothamnus sanguineus 3 0 0 
2 0 2 2 0 0 
3 0 I I 2 I 
4 0 0 0 5 2 
5 0 0 0 4 I 
Total I 3 4 I 3 11 2 
3C I 6 0 6 Allocasuarina humilis I 0 0 
2 0 0 0 I I 
3 0 2 2 I I 
4 0 0 0 2 I 
5 0 0 0 32 I 
Total 6 2 8 I I 36 I 
4A I 4 0 4 Allocasuarina humilis I 0 0 
2 0 37 37 0 0 
3 0 I I 0 0 
4 0 0 0 0 0 
5 0 0 0 0 0 
Total 4 38 42 I I 0 0 
4B I 0 0 0 3 I 
2 0 0 0 15 6 
3 0 0 0 24 6 
4 0 0 0 38 5 
4 I 0 I Leucopogon polymorphus 5 I 3 
5 3 0 3 Hakea costata I 44 5 
Total 4 0 4 2 6 1 124 6 
4C 1 0 0 0 0 0 
2 0 4 4 0 0 
3 0 0 0 2 1 
4 0 0 0 4 1 
5 0 0 0 2 1 
Total 0 4 4 0 0 8 1 
5A 1 0 0 0 0 0 
2 0 1 1 0 0 
3 0 1 1 17 2 
4 0 0 0 17 6 
5 1 0 1 Hakea costata 1 20 3 
Total 1 2 3 1 1 54 6 
5B 1 0 1 1 0 0 
2 0 0 0 2 1 
3 1 0 1 Leucopogon polymorphus 3 0 0 
4 0 2 2 21 3 
5 3 0 3 Hakea costata 2 18 3 
Total 4 3 7 2 5 41 3 
5C 1 11 0 11 Acacia sphacelata 1 1 1 
2 1 2 3 Allocasuarina humilis 1 1 1 
3 0 0 0 3 1 
4 2 0 2 Hovea pungens 
4 1 0 1 Allocasuarina humilis 1 2 1 
5 0 0 0 3 1 
Total 15 2 17 3 4 10 1 
1UfAL 152 69 223 8 32 2 484 31 
KEY 
For = foragers; Tra = transients; Tot = total of transients and foragers. 
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Raw data for the invertebrate assemblages of the 15 samples of Leucopogon polymorphus taken before 
flowering. All samples were taken between 1020 hrs and 1240 hrs on the date shown. The dry 
weight for the plant material sampled is given. 
GROUPl GROUP2 GROUP3 GROUP4 GROUP5 TOI'AL 
Mean Temp 20 19 21 21 20 20.33 
St. Dev. °C 2 1.2 3.8 4.5 3.5 2.82 
Mean dry weight g 3.6 6.5 5.6 3.4 2.3 4.27 
St. Dev. g 0.6 1.2 2.2 0.7 1 1.923 
Site lA 1B lC 2A 28 2C 3A 38 3C 4A 48 4C 5A 58 5C 
Date 10/7 24/7 10/7 10/7 24/7 10/7 10/7 10/7 24/7 10/7 10/7 24/7 10/7 10/7 24/7 
Temp. °C 22 20 18 18 20 20 25 18 19 17 21 26 17 24 20 
Dry weight g 3.7 4.1 3 5.8 7.9 5.9 3.2 7.4 6.1 4.3 3.1 2.9 3.4 1.8 1.6 64.05 
PHYLUM 
Order 
Morpho-species 
CHELICERATA 161 
Acarina 0 25 5 9 17 9 5 29 9 3 19 8 1 7 10 156 
Acarina 1 3 6 1 1 11 
Acarina 2 24 2 9 17 7 5 29 9 3 19 2 1 6 9 142 
Acarina 3 1 1 2 
Acarina4 1 1 
Araneae 0 0 0 0 0 1 2 1 0 0 0 0 0 1 0 5 
Araneae 1 1 1 1 3 
Araneae 2 1 1 
Araneae 3 1 1 
Araneae4 0 
Araneae 5 0 
Araneae 6 0 
Araneae 7 0 
Araneae 8 0 
UNIRAMIA 140 
Collembola 3 4 1 0 3 4 0 5 1 0 4 3 1 1 4 34 
Collembola 1 3 4 1 3 4 5 1 4 3 1 I 4 34 
Collembola 2 0 
Collembola 3 0 
Coleoptera 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Coleoptera 1 0 
Diptera 1 0 1 0 0 0 2 2 0 0 0 1 0 2 0 9 
Diptera 1 1 2 3 
Diptera 2 1 1 
Diptera 3 1 1 
Diptera4 2 1 1 4 
Diptera 5 0 
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GROUP I GROUP2 GROUP3 GROUP4 GROUPS 'IUfAL 
Site IA 1B IC 2A 28 2C 3A 38 3C 4A 48 4C 5A 58 5C 
PHYLUM 
Order 
Morpho-species 
Hemiptera 5 1 13 1 7 2 2 8 1 2 3 7 1 6 13 72 
Hemiptera 1 5 10 2 6 2 3 28 
Hemiptera 2 1 1 6 1 3 12 
Hemiptera3 2 2 1 1 1 7 
Hemiptera4 1 1 2 
Hemiptera 5 1 1 1 1 10 14 
Hemiptera 6 1 2 3 
Hemiptera 7 1 1 2 
Hemiptera 8 1 1 
Hemiptera 9 3 3 
Hemiptera 10 0 
Hemiptera 11 0 
Hemiptera 12 0 
Hymenoptera 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 2 
Hymenoptera 1 1 1 
Hymenoptera 2 1 1 
Hymenoptera 3 0 
Hymenoptera 4 0 
Hymenoptera 5 0 
Hymenoptera 6 0 
Hymenoptera 7 0 
Thysanoptera 0 1 0 0 2 0 0 1 0 1 0 2 1 3 2 13 
Thysanoptera 1 1 2 1 1 2 1 3 2 13 
Lepidoptera 3 0 0 1 3 0 0 0 0 0 0 1 0 0 2 10 
Larvae 1 3 2 2 7 
Larvae 2 1 1 
Larvae 3 1 1 2 
Total 12 31 22 11 32 16 11 46 11 6 26 22 4 20 31 301 
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APPENDIX 4B. 
Raw data for the invertebrate assemblages of the 15 samples of Leucopogon polymorphus taken 
during flowering. All samples were taken between 1140 hrs and 1320 hrs on the date shown. The dry 
weight for the plant material sampled is given. 
GROUPl GROUP2 GROUP3 GROUP4 GROUPS 1UfAL 
Mean Temp 25 26 27 26 24 25.53 
St. Dev. °C 1 1.2 0.6 l.2 1 1.302 
Mean weight 4.4 6.8 4.8 6.9 3.4 5.256 
St. Dev. g 0.9 2.8 3.3 1.6 1 2.3 
Site IA 1B IC 2A 2B 2C 3A 3B 3C 4A 4B 4C 5A 5B 5C 
Date l~l~l~l~l~l~l~l~l~l~l~l~l~l~l~ 
Temp. °C 26 25 24 25 27 27 26 27 27 25 27 25 25 23 24 
Dry weightg 4.9 3.3 4.9 10 4.8 5.6 4.3 8.4 1.8 6.3 5.6 8.7 2.3 4.2 3.8 78.84 
PHYLUM 
Order 
Morpho-species 
CHELICERATA 269 
Acarina 13 3 26 15 11 3 43 15 23 25 31 26 6 8 6 254 
Acarina 1 8 1 32 16 2 59 
Acarina 2 13 3 18 12 8 2 11 14 22 21 15 26 6 6 4 181 
Acarina 3 2 1 1 1 2 2 9 
Acarina4 2 1 2 5 
Araneae 0 1 2 0 1 0 1 2 1 0 2 1 0 1 3 15 
Araneae 1 1 
Araneae2 0 
Araneae 3 0 
Araneae4 2 1 3 
Araneae5 2 1 1 1 2 7 
Araneae6 1 
Araneae 7 1 1 2 
Araneae 8 1 1 
UNIRAMIA 346 
Collembola 3 0 1 2 0 2 3 2 1 3 2 1 2 4 0 26 
Collembola 1 3 1 2 2 2 1 1 3 2 1 1 4 23 
Collembola 2 1 1 
Collembola 3 1 1 2 
Coleoptera 1 0 2 0 0 3 11 0 3 0 6 0 1 0 0 27 
Coleoptera 1 1 2 3 11 3 6 1 27 
Diptera 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 2 
Diptera 1 
Diptera 2 0 
Diptera 3 0 
Diptera 4 0 
Diptera 5 1 1 
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APPENDIX 4B. 
Continued. 
GROUPl GROUP2 GROUP3 GROUP4 GROUPS 'IOl'AL 
Site lA 1B lC 2A 28 2C 3A 38 3C 4A 48 4C 5A 58 5C 
PHYLUM 
Order 
Morpho-species 
Hemiptera 3 4 2 4 13 4 6 0 0 4 11 0 0 8 3 62 
Hemiptera 1 2 1 3 
Hemiptera 2 1 1 3 1 6 
Hemiptera 3 3 4 4 3 3 2 19 
Hemiptera4 1 
Hemiptera 5 1 1 1 8 11 
Hemiptera 6 1 9 1 3 14 
Hemiptera 7 0 
Hemiptera 8 
Hemiptera 9 1 1 2 
Hemiptera 10 1 1 2 
Hemiptera 11 2 2 
Hemiptera 12 1 1 
Hymenoptera 0 6 41 1 6 2 7 1 1 0 2 1 5 0 1 74 
Hymenoptera 1 6 3 5 2 1 17 
Hymenoptera 2 0 
Hymenoptera 3 38 2 6 1 1 5 53 
Hymenoptera 4 1 
Hymenoptera 5 
Hymenoptera 6 1 1 
Hymenoptera 7 1 1 
Thysanoptera 1 4 2 8 11 11 1 10 10 18 15 11 3 9 3 117 
Thysanoptera 1 1 4 2 8 11 11 1 10 10 18 15 11 3 9 3 117 
Lepidoptera 0 4 4 3 1 1 1 1 1 2 2 4 1 8 5 38 
Larvae 1 4 4 3 1 1 1 1 1 2 1 4 1 8 5 37 
Larvae 2 0 
Larvae 3 
Total 21 23 80 33 43 26 73 31 40 52 71 45 18 38 21 615 
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APPENDIX 5. 
Field Data Recording Sheet. (UC = unnetted control= A; NC = netted control = B; NT= netted 
treatment = C). 
DATA RECORDING SHEET. 
GENERAL INFORMATION 
SITE 
TEMP. •c 
WIND SPEED MIS 
DATE 
1 (0.0HR) 
1 (0.0HR) 
TIME 
2 (0.5HR) 
2 (0.5HR) 
NUMBER OF FLOWERING LEUCOPOGON POL YMORPHUS (SEE BELOW) 
INJOXIOMQUADRAT 
3 (lHR) 
3(1HR) 
SAMPLER 
IN 1.2 X J.2 M QUAD RAT (give numbers on tags if more than one and not all plants are flowering) 
TOTAL NUMBER OF LEUCOPOGON POL YMORPHUS AT EACH SITE 
4 (l.5HR) 
4 (l.5HR) 
!UC INC INT 2UC 2NC 2NT 3UC 3NC 3NT 4UC 4NC 4NT sue 5NC SNT 
9 5 11 7 6 IO 40 20 5 12 60 25 67 38 46 
NUMBER OF LEUCOPOGON PLOYMORPHUS \VlTHIN EACH 1.2 XI .2 M QUADRAT 
!UC INC INT 2UC 2NC 2NT 3UC 3NC 3NT 4UC 4NC 4NT 5UC 5NC 5NT 
2 5 3 2 3 3 2 2 2 6 2 9 3 5 
OTHER FLOWERING SPECIES IN 10 x!O in Q (name or description) 
BEE UTILISATION INFORMATION 
BEE VISITS TO !OX IOMQUADRAT 
Count the number of bees present at the end of each time interval and include those that are known to have arrived and 
departed during that interval 
TIME # OF BEES PLANT SPECIES 
(WORKERS) UTILSED 
# PLANTS VISTED 
(CUMULATIVE) 
# OF TRANSIENTS 
(NON-FORAGERS) 
0-15 mins 
15-30 mins -·----
30-45mins 
45-60 mins 
60-75 mins 
75-90mins 
INVERTEBRATE AND BEE VISITS TO OR BEES REMOVED (NT SITES) FROM 1.2 Xl.2 M QUADRAT 
TIME 
0-15 mins 
15-30 mins 
30-45mins· 
45-60 mins 
60-75 mins 
75-90 mins 
#of 
Invertebrates 
# Plants visited 
(Cumulative) 
# of # Plants visited 
bees (Cumulative) 
OTHER PLANT SPECIES BEING USED IN THE LOCALITY (25 Metres). 
NOTES 
161 
# of bees 
removed (NT sites) 
#with 
pollen 
